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ABSTRACT
Yella, Lakshmi. M.S., Department of Biological Sciences, Wright State University, 2009.
The Influence of Temperature on Population Growth and Allergen Production in Cultured
House Dust Mites, Dermatophagoides pteronyssinus and Dermatophagoides farinae.

Dermatophagoides

pteronyssinus

and

Dermatophagoides

farinae

are

commercially cultured to produce materials to make extracts for diagnostic tests and
immunotherapy. There is some speculation as to how the culture conditions such as time
of culture, temperature, relative humidity and food might influence the mite populations
and subsequent production of allergens. The purpose of our investigation was to see how
temperature influenced the population growth and allergen production of cultured house
dust mites. D. pteronyssinus and D. farinae were cultured at 20oC and 25oC. Samples
were collected at two week intervals for live mite count, life stage composition and for
determining Group 1 and Group 2 allergen concentrations. We saw that temperature did
have an influence and that both species showed higher population growth rates and
produced higher concentrations of Group 1 and Group 2 allergens at 25oC compared to
20oC.
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I. BACKGROUND
A. Introduction
Allergies in humans are very common; currently, the most frequent allergy seen
among people from different geographical areas is caused by house dust mites (Arlian and
Morgan, 2003). A recent survey (National Health and Nutrition Examination Survey)
showed that 27.5 % of the US population had skin tests that were positive for house dust
mite allergens (Arbes et al., 2005). House dust consists of microscopic mites,
microorganisms, fibers, hair, skin scales (human and animal) and a variety of other things
(Van Bronswijk, 1981). Mite allergies are caused when air containing allergens, in the
form of fecal pellets, molted exoskeleton and other body material, is inhaled or contacts
the skin and mucous membranes of the eyes and nasal passage. Several different species
of mites are present in house dust. The most prevalent mite species found in homes in the
U.S are Dermatophagoides pteronyssinus and Dermatophagoides farinae (Arlian et al.,
1982; 1992).
Dermatophagoides pteronyssinus and Dermatophagoides farinae, Euroglyphus
maynei and a stored product mite Blomia tropicalis cause allergic diseases like bronchial
asthma, rhinitis, and atopic dermatitis (Arlian et al., 2001). These mites are the source of
more than 20 groups of allergens (Arlian and Platts-Mills, 2001; Thomas et al., 2007). A
survey by the World Allergy Organization (WAO) in 2008 showed that in North America
alone about 22.2 million people suffered with asthma (Pawankar et al., 2008). In terms of
the frequency of patients sensitized, Group 1 (Der p 1 and Der f 1) and Group 2 (Der p 2
and Der f 2), allergens derived from house dust mites are very important (Arlian and
Platts-Mills, 2001, Arias-Irigoyen et al., 2007). On a commercial basis, mites are cultured
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to make extracts that are used in skin tests and for immunotherapy. How the culture
conditions affect allergen production, allergen composition and the production of the
maximum amount of allergens in mite cultures have not been determined. Therefore, it is
important to develop a better understanding of how culture conditions affect the amount
and profile of allergens that can be harvested from cultures. An important part of this is to
understand mite biology, mite population growth and life stage composition in cultures
over time.
B. General Classification of House Dust Mites:
House dust mites belong to the Phylum Arthropoda, Subphylum Chelicerata, Class
Arachnida, Order Acari, Suborder Astigmata, and Family Pyroglyphidae (Arlian and
Morgan, 2003). The suborder Astigmata includes mites with no stigmata. Stigmata are
external openings used for the purpose of gaseous exchange.
C. The Mite Body:
The mite body has two parts, the gnathosoma and the idiosoma. The gnathosoma is
the anterior false head and consists of the mouthparts. The mouth parts consist of a pair of
segmented pedipalps and chelicerae. The chelicerae are pincher like and are used to grasp,
handle and break food (Arlian, 1989). The body of the mite is known as the idiosoma that
consists of a single soma that is unsegmented. The nymph and adult mites have four pairs
of jointed legs. Larvae have three pairs of legs. The body and appendages have an
exoskeleton that prevents water loss and protects the body. Setae are present all over the
body, and these have a sensory function.
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Inside the body cavity, the internal organs are immersed in hemolymph. The mite
body includes the hemolymph and other internal organs such as muscle, salivary glands,
and digestive tract are sources of many potent allergens. These include digestive enzymes
(digestive tract), and proteolytic enzymes (salivary glands), amylase and tropomyosin
from muscle (Arlian and Morgan, 2003). Some of the allergens, like digestive enzymes,
may be excreted in the fecal pellets (Tovey et al., 1981).
D. Life Cycle and Distinguishing Features:
The life cycle of the house dust mite has five stages. The life stages in order of
development are egg, larva, protonymph, tritonymph and adult (male or female) (Arlian
et al., 1990; 1996). Each developing life stage has a feeding phase where the mites are
active and a short non-feeding phase (quiescent phase). The quiescent phase is the time
required by the mite to metamorphose to the next stage. It is also a phase that is dormant
and may be prolonged during unfavorable conditions (Arlian et al., 1998, 1999).
Each life stage has unique anatomy that can be used for identification (Arlian, 1989).
•

The larval stage of the mite has three pairs of legs. They do not have genital papillae
or reproductive structures. Ventral and genital setae are absent, but some dorsal and
lateral body setae are present.

•

The protonymph has four pairs of legs(octapodal). They have one pair of ventral
genital papillae. The anal, dorsal and lateral setae are present.

•

The tritonymph is octapodal. The tritonymphs have two pairs of genital papillae
located in between the IVth coxae. They have middle and anterior genital setae along
with the anal, dorsal and lateral setae.

•

The adults are larger in size compared to the nymphs and have a genital opening. The
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adults show sexual dimorphism. The males have a pair of anal suckers at the posterior
and are smaller than the females. The females are distinguished by the presence of a
bursa copulatrix, a seminal receptacle and a duct complex at the posterior end.
Dermatophagoides pteronyssinus:
The average length of the males is 275 µm. The third pair of legs is slightly larger
than the first two pair of legs. The dorsal shield is longer than wide and extends from the
body posterior all the way to the genital apparatus. The female is 300 µm in length. The
dorsal surface of the idiosoma has circular cuticular striations that run transversely on the
anterior part and longitudinally on the posterior part. The anterior genital apodeme is
arched slightly more than that of D. farinae. The base of the seminal receptacle is flower
shaped in a ventral view. A complete description of mite anatomy can be found in Arlian
1989; Colloff 1998; Fain 1965, 1966.
At an optimum temperature of 23oC and 75% RH, D. pteronyssinus takes 34+ 5.9
days to grow from egg to adult (Arlian et al., 1990). Under the same culture conditions,
the females live for 31 days and can actively reproduce for 26.2 days (Arlian et al., 1990).
The females lay eggs for a period of 23.3 days, during which they can lay between 0 and 8
eggs per day (Arlian et al., 1990).
Dermatophagoides farinae:
This species of mite is larger than D. pteronyssinus. The males on average are 290
µm in length. The first pair of legs is larger than the other three pairs. The dorsal shield is
square shaped and does not extend from the posterior all the way to the IV coxae. The
epimeres of coxae I fuse to form a V or Y shape. The female is 360 µm in length.
Transverse cuticular striations are seen over the entire length of the dorsal body surface.
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The anterior genital apodeme is only slightly arched (less than D. pteronyssinus). The
bursa copulatrix has the shape of a pitcher and a funnel shaped chitinized external
opening. A complete description of mite anatomy can be found in Arlian 1989; Colloff
1998; Fain 1965, 1966.
At an optimum temperature of 23oC and 75% RH, D. farinae takes 35.6+ 4.4 days
to complete its life cycle (Arlian and Dippold, 1996). Under the same culture conditions,
the female lives for 100 days and has the capacity to reproduce for 34 days (Arlian and
Dippold, 1996). The number of egg laying days for a female DF is 31.3 days. A single
female can lay anywhere from 0 to 5 eggs per day (Arlian and Dippold 1996).
E. Ecology and Prevalence:
House dust mites feed on dander (human and animal skin flakes), and are hence
found mostly in beds, carpets and couches where the amounts of skin scales are abundant
(Arlian et al., 1992). Studies on the prevalence of house dust mites in the United States by
Arlian et al. (1982, 1992) showed that bedroom carpets, living room carpets and couches
had dense mite populations. The availability of food, the levels of relative humidity and
temperature dictate the growth and the density of mite populations. The optimum
laboratory conditions for growth of D. farinae and D. pteronyssinus are 20- 250C and 75%
relative humidity (Arlian et al., 1998).
In temperate climates, where the relative humidity and temperature in homes
changes with seasons, the living dust mite population fluctuates but it does not completely
diminish at any time of the year (Arlian et al., 1983). In a survey done in homes of
people suffering from asthma in eight different geographic areas of the United States
(Cincinnati, OH; New Orleans, LA; Galveston, TX; Memphis, TN; Greenville, NC;
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Delray Beach, FL; San Diego, CA; Los Angeles, CA), it was found that 81.7% of the
homes had both species of mites (Arlian et al., 1992). D. farinae was predominant in the
drier areas (such as Ohio) and D. pteronyssinus was seen more in humid regions like New
Orleans, LA and Galveston, TX. A few areas had only one species of mites. For example,
D. farinae was found in Greenville and Delray Beach but was absent in San Diego.
Similarly, D. pteronyssinus was the only mite species seen in San Diego (Arlian et al.,
1992).
F. Effect of Relative Humidity on House Dust Mite Survival and Distribution:
The mite body consists of about 70 - 75% water by weight (Arlian, 1992).
According to a study by Arlian (1977), most of the water required by the mites is absorbed
from the air. Hence, water available for sorption from the ambient air is a factor that
determines survival of the mites. The critical ambient relative humidity for the survival of
mites is in the range of 55% to 75% RH, depending on the temperature (Arlian and
Veselica, 1981). In nature, when the relative humidity (RH) is higher than the critical
humidity, the mites absorb water from the ambient air to survive (Arlian et al., 1974). The
mites absorb water through a pair of supracoxal glands (Wharton and Furumizo, 1977).
These glands, located at the interior of the base of the first pair of legs (Wharton and
Furumizo, 1977), secreted a hygroscopic liquid. The supracoxal glands open onto
depressions (troughs) present at the base of legs I. The troughs extend from the openings
of the glands to the lower pre-oral area. The hygroscopic liquid secreted by the glands
absorbs water from the air as it flows through the troughs to the preoral area. Once this
fluid reaches the pre-oral area, it is ingested by the mite (Arlian and Morgan, 2003).
Under conditions when the relative humidity is low, a physiological adaptation of

6

the mite allows it to survive. At low ambient RH the mite lowers its metabolic rate to
reduce its requirement of water. One mechanism by which it lowers its metabolic rate is
gradually reducing its intake of food and going into a quiescent phase (Arlian, 1975). In
the quiescent phase (non-feeding), the mites can stay dormant for long periods until
favorable conditions are available. Once the conditions are favorable it becomes active to
feed and reproduce (Arlian et al., 1983).
Studies by Arlian et al. (1982, 1983) have shown that high densities of mites occur
in homes in the summer months when the humidity is very high compared to the winter
months. In temperate climates during the heating season (winter months) indoor relative
humidity is low and mite populations decline as mites die from dehydration. In a study by
Arlian et al. (1999), showed that D. farinae was more resistant than D. pteronyssinus to
daily fluctuations in RH and proliferated better. It was concluded that, irrespective of
relative humidity for the remainder of the day, maintaining an RH lower than 35% for at
least 22 hours on a daily basis would eradicate the D. farinae from homes. D.
pteronyssinus is more sensitive to changes in RH. In a study by Arlian et al. (1998),
showed that mites required a constant ambient RH of 75% to complete their life cycle and
survive well. If the ambient relative humidity was less than 65%, the mite population
showed a gradual decrease. Other studies by Arlian et al. (2001) have shown that when the
relative humidity in homes is maintained lower than 50% the mites died and the
population declined.
Arlian et al. (1977) examined the effects of humidity on the population and feeding
patterns in mites; at a higher relative humidity the mites feed more and hence produce
more fecal pellets and at a lower RH they feed less (low metabolic rate) resulting in fewer
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fecal pellets. Lesser amounts of allergens are produced when the relative humidity is low.
Hence, RH is an important factor which should be taken into consideration while
developing conditions for the culturing of mites to increase allergen concentration.
G. Effect of Temperature on House Dust Mite Survival and Distribution:
Studies done by Arlian et al. (1996, 1990) on the influence of temperature on the
life cycles of D. pteronyssinus and D. farinae indicate that apart from the relative
humidity, temperature also has a key role. A study by Arlian et al. (1990) showed that
variation in the temperature alone could affect the length of the life cycle. For example, D.
pteronyssinus undergoes its life cycle in 123 days at 16oC and in 15 days at 35oC. In
contrast, D. farinae shows no reproductive capacity when cultured at 16oC and at 35oC
(Arlian et al., 1996).
The optimal temperature for mite growth and development is about 23oC. When
cultured at 23oC, D. pteronyssinus takes 34 days to develop from egg to adult: the egg
takes 8.1 days, larva 10.4 days, protonymph 6.9 days, and tritonymph 8.3 days,
respectively (Arlian et al., 1990). At the same temperature, D. farinae takes 36 days to
develop from egg to adult: the egg takes 10.1 days, larva 9.2 ± 1.3 days, protonymph 8.6 ±
2.8 days, and tritonymph 7.7±1.3days, respectively (Arlian and Dippold, 1996).
When the temperature is high, the rate of development of the mite is very fast but
higher temperature lowers the fecundity of the female mites (Arlian et al., 1990). The rate
of survival of mites decreases when air temperature increases between 40oC and 50oC
(Chang et al., 1998). This has been important as the current strategy for the elimination of
house dust mites has been to subject them to high temperatures.
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H. Mite Allergens, Sensitization and the Allergic Reaction:
Mite feces, hemolymph, skin molts, exoskeleton and internal tissues contain
proteins that cause allergies in humans on contact or when inhaled (Tovey et al., 1981;
Arlian et al., 1987). Hemolymph in the mite body contains many molecules that can act as
allergens (for example: amylase, tropomyosin). Other allergen sources are enzymes which
are involved in the molting process, and secretory substances that can be inhaled (Morgan
and Arlian, 2006). Symptoms of allergies caused by house dust mites include asthma,
perennial rhinitis and conjunctivitis, and atopic dermatitis.
How do allergens cause an immune response? There are two steps involved: sensitization
(primary reaction), then symptoms (secondary response).
Sensitization (primary reaction):
Allergens trigger a Th2 immune response (Larche et al., 2006). The activation of
CD4+ Th2 type cells allows the secretion of cytokines like IL-3, 4, 5, 9, 10, 13. Interlukin4 and 13 induce class switching to IgE heavy chain and increase growth, proliferation,
formation of plasma cells and memory B-cells. These IgE antibodies bind to surface high
affinity surface receptors (FcεRI) on mast cells and basophils (Shakib et al., 1998). This is
the sensitization or primary reaction.
Symptoms (Secondary response):
The development of secondary response (allergic symptoms) is a consequence of
subsequent exposure of high levels of allergens. When the IgE bound to mast cells and
basophils binds with the allergens, the cross linking of the FcεRI- IgE complex with the
allergen causes degranulation of the mast cells, resulting in reactions that lead to tissue
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damage (Shakib et al., 1998). The degranulation of the mast cells and basophils releases
pro-inflammatory mediators such as histamine, leukotrienes, prostaglandins and cytokines
(Shakib et al., 1998). IgE also binds FcεRI and FcεRII (CD23) receptors on the surface of
antigen presenting cells (Dendritic cells, monocytes and B-cells respectively); it allows for
an increase in allergen presentation to allergen specific T-cells (CD4+) (Larche et al.,
2006). A few of the results of allergic reactions include vasodilatation, mucus secretion,
smooth muscle contraction in the intestine and bronchial airways (Larche et al., 2006),
The symptoms may manifest as watery eyes, runny nose, itchy eyes and nose and asthma
for allergic individuals.
I. Characteristics of House Dust Mite Allergens:
D. pteronyssinus and D. farinae are sources of at least 20 allergens (Arlian and
Platts-Mills, 2001; Thomas et al., 2007). These have been divided into groups depending
on their biochemical characteristics. Groups 1, 3, 6, 9 are associated with digestive
enzymes; Groups 2, 13, 14 are lipid associated; Groups 4 and 8 are sugar associated;
Groups 10, 11 are tropomyosin associated; Groups 15, 18 are chitinase related; Groups 16,
17 are gelsolin and EF II binding proteins; Group 19 is associated with an anti-microbial
peptide; Group 20 is mite arginine kinase related; Groups 21, 12, 7, 5 are yet to be
characterized (Thomas et al., 2007). More than 90% of mite allergic patients are sensitive
to Group 1 and Group 2 allergens from house dust mites (Platts-Mills et al., 1997).
The Group 1 allergens are glycoproteins originating from the digestive tract of the
mites. These are predominantly found in extracts from mite feces (Arlian and Platts-Mills,
2001). Group 1 allergens are homologous to plant and mammalian enzymes in terms of
their cysteine protease activity (Platts-Mills et al., 1997; Steward, 1995). The allergens
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belonging to Group 1 are Der f 1, Der p 1, Eur m 1, Der m 1- all of these have a molecular
weight of 25 kD (Arlian and Platts-Mills, 2001).
Der p 1 has two globular domains formed independently by the N and C-terminal
sequences (Thomas et al., 2002). There is an 80% sequence similarity between Der p 1
and Der f 1. The 20% divergence is seen in the N-terminal residues 1-20 (45%), the Cterminal 201-222 (31%) and a central region 91-130 (30%) (Thomas et al., 2002).
Chapman et al., (1980) showed that a purified natural allergen has carbohydrates which
can be related to the N-glycosylation site found in the sequences of all group 1 allergens.
The N-glycosylation site is located at amino acid residues 53-55. Studies have shown that
Der p 1 and Der f 1 have been found in house dust in concentrations ranging from 100 to
100,000 ng/g of dust (Platts-Mills et al., 1987; Wahn et al., 1997). Der p 1 is a potent
allergen and is immunologically active. According to a study done by Kalsheker et al.
(1996) Der p 1 is believed to cleave a serine protease inhibitor (α1-antitrypsin) which
provides the innate immunity on mucosal surfaces. It has the ability to cleave the CD23
IgE receptor on B-cells and CD25 of T-cells (Shakib et al., 1998; Schultz et al., 1998)
both of which are important in regulating the IgE levels.
The Group 2 allergens are non-glycosylated proteins with a high IgE binding
capacity (Heymann et al., 1989). The allergens in this group include Der f 2, Der p 2, Eur
m 2, Tyr p 2, and Lep d 2 each having a molecular weight of 14 kD (Heymann et al.,
1989; Yasueda et al., 1986). Der f 2 and Der p 2 show a 12% divergence in their amino
acid sequences. Eur m 2 shows an 80% sequence similarity to both Der f 2 and Der p 2
(Smith, 1999). The frequency of reactivity of Der 2 allergens among dust mite sensitive
patients is 40- 60 % (Thomas et al., 2007).
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The biochemical function of Group 2 allergens is not known. These allergens have
similarities in homology with primate epididymal protein (Thomas et al., 2007). However,
according to studies by Jeong et al., (2002) and Park et al., (2000) on D. farinae and D.
pteronyssinus (respectively), Group 2 allergens, Der f 2 and Der p 2, are predominant in
mite feces and are a derivative of the digestive tract of the mite. This group of allergens is
ubiquitous and seen in species of house dust mites and stored product mites. The Group 2
allergens from stored product mites are Lep d 2, Try p 2, Gly d 2. The homology
exhibited between the Group 2 allergens from closely related mite species is the reason for
some cross reactivity between different mite species. However, patients may be sensitized
to species specific and/or cross reactive allergens and epitopes. Although little is known
about the role of Group 2 allergens during an allergic reaction, their structural homology
within different species and ability to show high reactivity in the patient population make
Group 2 allergens very important to study.
J. Cross Reactivity of Allergens:
Cross reactivity occurs when antibodies interact with different antigens having
similar epitopes. Allergens from closely related mite species may show a high frequency
of cross reactivity (Arlian et al., 1987). Group 1 and Group 2 allergens of D. farinae and
D. pteronyssinus show 80% amino acid sequence similarity which may explain the high
IgE reactivity seen between the different species. Cross reactivity between group 2
allergens extracted from different mites has been seen (Smith et al., 2001). Homologues of
group 2 allergens from closely related mite species are Lep d 2 (Lepidoglyphus
destructor), Gly d 2 (Glycyphagus domesticus), Try p 2 (Tyrophagus putrescentiae), and
Eur m 2 (Euroglyphus maynei) (Gafvelin et al., 2001).
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A study by Arias-Irigoyen et al. (2007) showed that there is cross reactivity
between allergens from D. pteronyssinus and a stored product mite, Glycyphagus
domesticus. This study also concluded that cross reactivity is seen between the different
species of stored product mites such as G. domesticus, T. putrescentiae, and L. destructor.
A study by Kondreddi et al. (2006) showed a 6.5% sensitization to another stored product
mite T. putrescentiae. A later study by Yadav et al. (2006) was done in southwestern Ohio
to determine if patients had serum IgE to the stored product mites, L. destructor and A.
siro. This study showed that of 600 serum samples (patients), 2.3 to 3.3% showed IgE to
both species of stored product mites. It was concluded from all these studies that there is a
significant amount of sensitization to stored product mites. It is possible that the allergic
reactions caused by house dust mites might be a result of prior sensitization with cross
reacting allergens from stored product mites. Patients allergic to house dust mites, show
sensitization to stored product mites in the range of 60-88% (Sidenius et al., 2001).
However, the cross reactivity between the house dust mites and stored product mites is
minimal (Sidenius et al., 2001). Most allergens from stored product mites do not crossreact with house dust mite allergens.
K. Recombinant Allergens:
Recombinant allergens can be used for studies involving immunotherapy–such as
development of allergy shots and allergen specific immunotherapy. There has been a lot of
difficulty in the production of Group 1 allergens, as recombinant allergens lack many of
the epitopes that a naturally occurring allergen would possess. Among the Group 1
allergens the production of Der f 1 has been successful. The proenzyme from Der f 1 has
been produced in insect cells (Takahashi et al., 2001) and has shown IgE binding capacity
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that is seen in natural occurring allergens. The recombinant production of Der p 1 is still
underway; in one study the expression of Der p 1 in P. pastoris were shown to give high
yields of protein that exhibit properties similar to naturally occurring Der p 1 (Van Oort et
al., 2002).
The production of Group 2 allergens through recombinant techniques has been
much easier than Group 1. The group 2 allergens have been successfully produced in
E.coli both in fused (Chua et al., 1991; Tame et al., 1996) and unfused forms (Iwamoto et
al., 1996). The expression of Der p 2 in S. cerevisiae has been very successful and the
allergenic property it exhibits is the same as the one produced naturally (Hakkaart et al.,
1998).
None of the group 3 – 20 allergens have been produced by recombinant
techniques. The limitations to these studies are that the allergens produced so far either do
not mimic the conformation and hence do not produce the same amount of allergenic
reaction in human sera that is seen in with natural allergens (Takai et al., 2005). The
`biggest hurdle for the production of recombinant allergens is that these allergens have to
be similar to naturally produced allergens and the cost of their production should be
minimal. Therefore, recombinant mite allergens are not available for diagnostic tests,
immunotherapy and research. Currently immunotherapy and diagnostic tests are done
using pure allergen extracts from cultured mites.
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II. PURPOSE OF THIS STUDY
House dust mites are cultured to obtain materials for making extracts that can be
used in research studies, and for diagnostic tests and immunotherapy. The purity and
concentration of allergens in the extract is important as it can affect immunotherapy and
diagnostic test results. There is a need for the efficient production and extraction of pure
allergens from cultured mites on a commercial scale. House dust mites are the source of
many allergens and most of them should be included in extracts. The use of recombinant
allergens has been limited as only a few allergens have been successfully produced and
they do not represent all the allergens people are exposed to in their environment. There is
a significant increase or decrease in the allergen concentration at different culture
conditions (Arlian et al., 1977; Eraso et al., 1997). So far, the ideal conditions for
maximum allergen production in cultured mites have not been determined. My project was
to determine the influence of temperature on mite population growth, life stage
composition and allergen concentration in cultures over time. The mites were grown at
two temperatures, 20oC and at 25oC. My research would help our understanding of the
ideal mite growth conditions and time to harvest mites from cultures for the production of
allergic extracts. This study will contribute to developing a standard method for culturing
mites and extracting pure allergens from cultures that can used for diagnostic purposes,
immunotherapy and research.
Specific aims:
1. Determine

the

population

growth

rates

of

Dermatophagoides

farinae

and

Dermatophagoides pteronyssinus at 20oC and 25oC.
2. Determine the life stage composition of the cultures at two week intervals (t= 0, 2, 4, 6, 8,
15

10, 12).
3. Determine the concentration of group 1 (Der p 1, Der f 1), group 2 allergens (Der p 2, Der
f 2) and their ratio over time in cultured mites.
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III. MATERIALS AND METHODS
Stock cultures of D. farinae and D. pteronyssinus for this research were started from mite
cultures maintained at Wright State University. These mature stock cultures of the two mite
species were used for the inoculation of test cultures. The inoculum for the stock cultures
were taken from thriving D. farinae and D. pteronyssinus cultures grown on food A. The
stock cultures of both species were grown on the food B, the same food used for the test
cultures.
Test cultures were established by adding 6 gms of stock culture (inoculum) to 60 gms of
food. The food was equilibrated at 75% RH (48 hrs) in the test culture jars before the mite
inoculum was added. Test cultures were setup in sets of 5 - such that there would be 5
replicates for each experiment (Fig. 1). The test cultures were grown in one cup pyrex jars
(Ball Corp. U.S.A.). The jars were placed inside an approximately four liter humidity
chamber (21cm diameter x 30cm height, Rubbermaid, Winchester, VA), that contained
approximately 300 ml of saturated salt (NaCl) solution on the bottom. A platform was placed
underneath the jars to keep them from touching the salt solution. The saturated salt solution
maintained the required relative humidity of 75% inside of the closed humidity chamber.
The glass jars and humidity chambers were ventilated by using a hole, measuring 2.0- 2.5
cm, covered with 36 µm nylon mesh (Small parts Inc. USA) to confine the mites. An
incubator was calibrated, first to 20oC and later to 25oC. The humidity chambers containing
the test cultures were kept in an incubator at 20oC or 25oC. The humidity chambers were
equilibrated for at least 16 - 18 hrs in the incubator set at a specific temperature before the 5
culture jars were placed inside. The temperature of the incubator was monitored daily using a
mercury thermometer placed in a flask of water. In addition to a thermometer, a HOBO was
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placed inside the incubator and read out at the end of every month.
Once the cultures were started, samples were removed from them at two week intervals
starting from t= 0 until t= 12 when the cultures had matured, as follows:

Stock culture

6 gms of inoculum in each

1

2

3

4

5

A) 2 x 10-50 mg – live mite count
B) 2 x 10-50 mg - slide preparation- life stage determination
C) 2x 100 mg – ELISA- allergen concentration determination

Figure 1: A diagrammatic representation of the methods.
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60 gms Diet

For each reading time, samples were collected as follows:
A. Live Mite Count:
Two samples of 10-50 mg (based on mite density) were weighed and placed in a
gridded petri dish (9 x 9) and the number of live mites was counted. The steps more
specifically were:
•

The culture was thoroughly mixed. A square petri dish was placed on the balance
and the balance zeroed.

•

10-50 mg of the culture sample was weighed into the dish and the weight was
recorded.

•

The sample was evenly distributed in the dish, and the number of mites in the dish
was counted using a dissecting microscope and the data were recorded.

•

Data analysis of Population Data:
The average population density for the five cultures recorded at each sampling
time were calculated and plotted against time. The SEM (Standard error of the
mean) for the readings at each sampling time were calculated and included in the
graphs. The growth patterns of the populations at the two temperatures (20oC and
25oC) were exponential and similar to the pattern seen in previous studies (Arlian
st

kt

et al., 1998). Hence an I order exponential equation (Pt = Po e ) where, Pt is the
population density at any time t, Po is the population density at time zero, k is the
rate constant and t is the time was used to calculate the growth rate and doubling
time (Arlian et al., 1998). The slope of the growth curve gives the growth rate of
the population (k) per week.
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B. Slide Preparation and Life Stage Composition:
Two 50 mg samples (a and b) were removed from each culture (the weight was
measured using Model 300, Denver Inst. Co., XE series) and placed in 15 mlcentrifuge tubes along with 3- 4 ml of 95% ethanol. After one or two days,
microscope slides were made as follows:
•

Using a glass pipette, 2 or 3 drops of the ethanol –mite mixture were added on to
pre-labeled plain glass slides (3 x 1 cm).

•

The alcohol was allowed to evaporate partially and 2-3 drops of lactic acid were
added to the mite-food mixture and mixed using a needle. A glass cover slip was
placed over this.

•

The above steps were repeated for all samples.

•

The slides were incubated in a 50oC oven (Blue M, Blue Island, IL) for 2 to 3
days to help clear the exoskeleton and reveal the distinguishing anatomical
features of the life stages when viewed under the compound microscope.

•

A total of 250 mites were counted for each of the five cultures at each sampling
time. At the time points when the number of mites were low (for example, t= 0, t=
2) additional slides were made. The number of eggs, larvae, protonymphs,
tritonymphs, males and females were counted and recorded using a compound
microscope (OPTIHOT-2, Nikon, Japan).

•

Data analysis of Life stages:
The 250 specimens for each culture jar consisted of eggs, larvae, protonymphs,
tritonymphs, males and females. The counts of each life stage were extrapolated
to a 1000 specimens. The averages of the life stage composition at each time point
were calculated, and plotted against time. Then standard error of mean at each
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time point were calculated and included in the graphs.
C. ELISA:
Two samples of 100 mg were taken from each culture and collected in two 15 ml
centrifuge tubes labeled ‘a’, ‘b’ and stored at -20oC. These samples were used to
determine the amount of Group 1 and Group 2 allergens in: a) the whole culture
material, and (b) pure washed mite bodies and culture wash, over time. The ELISA
technique (Enzyme Linked Immuno-Sorbent Assay) was used to determine allergen
concentration. The Group 1 and 2 allergens for Dermatophagoides pteronyssinus
(DP) and Dermatophagoides farinae (DF) are Der p 1, Der f 1, Der p 2 and Der f 2,
respectively.
a. Whole culture samples:
Whole culture ELISA sample – set ‘a’ were processed in the following manner:
•

The initial weights of the samples in the 15 ml conical tubes were “zeroed” on the
balance (Denver Instrumentation Co.). Using a liquid dispenser, 10ml of 1 % BPBST
(Bovine Serum Albumin with Phosphate Buffered Saline and Tween) was added and
the final weight was recorded.

•

After the addition of BPBST (extracting solution) the samples were vortexed for 30
seconds and placed in a shaker overnight at room temperature.

•

The next day the samples were removed from the shaker and vortexed for 30 seconds
and subsequently subjected to sonication for 10 minutes using an FS20 sonicated
(Fischer scientific).
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•

Next the samples were centrifuged (Marathon 10K, Fischer scientific) at 2700 rpm
for 15 minutes.

•

The supernatant from each tube was collected. One milliliter of the supernatant was
collected into a new (pre labeled) micro centrifuge tubes; another five milliliters of
the same supernatant was collected into a sterile cryogenic vial (Fisher brand, Cat noo

10-500-27). The samples in the cryogenic vials were stored at - 80 C.
•

The samples in the micro centrifuge tubes were centrifuged a second time for further
purification using a table top centrifuge at 14.5 rpm for 10 minutes. The supernatant
o

was then collected into bullet tubes and stored at - 20 C until ELISA’s were run.
b. Washed Mite Bodies and Mite Wash experiment:
The second set of samples ‘b’ collected, were used to determine the allergen content
in pure mites (Washed mites) and the wash solution. The samples were weighed and
processed in two steps:
 Weighing the samplesWash columns were prepared by using spin columns with snap caps (Pierce,
Thermo Scientific, IL), into which about 1 cm x 1 cm 400 mesh stainless steel
wire-screen type 304 (38µm), (Small parts Inc., Miami, FL) were placed. The spin
columns were labeled and placed into their receiver cup. An analytical balance
(Mettler- H10) was used to weigh the samples. First, the balance was zeroed and
the initial weight of the spin column with receiver cup was recorded. Using a
spatula, about 20 - 30 mg of the sample was added to the spin column and the
final weight was recorded and the actual weight of the sample was calculated. The
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samples in the spin columns along with the receiver cups were stored at -20oC
until they were ready to be washed.
 Washing the Mites:
-

The spin columns containing the sample (without the receiver cup) were
transferred into sterile cryogenic vials (Fisher brand, Cat no- 10-500-27).

-

PBST (Phosphate Buffered Saline and 0.05% Tween 20) was the wash solution
used. 1000 microliters (1ml) of PBST was added to each spin column and allowed
to drain by gravity into each cryogenic vial; this was repeated until 4000
microliters (4ml) of the wash solution was allowed to pass through the meshes.
Therefore, 4000 microliters (4ml) of wash was collected from each sample for
this wash.

-

The spin columns were then put back into their respective receiver cups and
another 500 microliters (0.5ml) of PBST was added. The spin columns with
receiver cups were placed in a table top centrifuge and spun for 1 minute at
10,000 rpm to drain all remaining liquid from the sample.

-

The eluate from the receiver cup was combined with the solution collected in the
cryogenic vials, the receiver cups were discarded. Therefore, a total of 4,500
microliters (4.5ml) of wash was collected from each sample.

-

About 800 microliters from the cryogenic vials was transferred into bullet tubes
for ELISA. The samples were stored at -20oC until ELISA’s were run.
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-

The spin column (caps were cut off the columns) containing the pure washed mite
bodies were put into 15ml centrifuge tubes and placed on a balance (Denver
Instrumentation Co.) and tared (zeroed). Using a liquid dispenser, 10ml of 1 %
BPBST was added and the final weight of extracting solution was recorded. The
pure washed mite samples were further processed for ELISA in the same manner
as the whole mite culture samples.

c. Running ELISAs:
ELISA’s for all samples (whole culture, culture wash solution and pure washed
mites) were run in the following manner:
The sandwich type of Enzyme Linked Immuno Sorbent Assay (ELISA) from Indoor
Bio Tech (Charlottesville, VA) was used. The antigen of interest is sandwiched
between two antibodies (the capture antibody and a biotinylated detecting antibody).
Allergen determination was done on two 96 well- plates (COSTAR 3590, Fisher
Scientific), one plate was for Group 1 allergen and the other plate for Group 2
allergens.
•

Step 1-Coating :
For each plate capture/coating antibody (0.2 mg/ml dilution), (specific for either
Group 1 or Group 2 depending on the ELISA plate) was diluted in 10 ml carbonate
bicarbonate buffer having a pH 9.6. One hundred microliters of the coating solution
was added to each well and incubated at 4oC overnight.
The next day, the plates were washed three times with PBST using a manual plate
washer.
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•

Step 2-Blocking:
One percent BPBST was the blocking solution used. This step prevented any nonspecific binding of the antigen. Four hundred microliters of this solution was added to
each well and the plates were incubated for one hour at room temperature. The plates
were then washed 3 times with PBST before proceeding to the next step.

•

Step 3- Sample Loading:
Bullet tubes (cluster tubes) were set up in bullet trays in such a way that they were
identical to the maps drawn for loading samples on the 96- well plates. In the bullet
tubes, 200 microliters of BPBST was added as a starting point. Uni- standards were
diluted according to the given protocol (1:10 dilution) and added to row A of the
ELISA plate. Later samples were added to the bullet tubes such that they were diluted
serially (by doubling dilutions) along the length of the bullet tray.
The standards and samples were then transferred from the bullet trays onto the 96well plates (90 microliters / well). The incubation time for this step was one and half
hour (90 minutes). The plates were washed 3 times with PBST at the end of this step.

•

Step 4- Detection :
In this step, a detecting antibody was added to the wells on the plate (100µl/ well).
The detecting antibody is a secondary antibody that recognizes a different epitope on
the allergen molecule than the capture antibody and has a biotin molecule attached to
its heavy chain. The plates were incubated for one hour with this antibody and then
washed 3 times with PBST.
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•

Step 5- Horseradish Peroxidase (HRP-SA):
In this step the reagent Horseradish Peroxidase-Streptavidin was added to each of the
wells. HRP is an enzyme that has a streptavidin molecule attached; the streptavidin
binds to the biotin. The incubation period for this reaction to uniformly occur in the
plate is 30 minutes. Next, the plates were washed with 2 times PBST and 2 times
PBS. (Note: Tween was not used in the wash step as it may interfere with the
enzyme-substrate reaction.)

•

Step 6-Substrate Addition:
The next step involves the addition of a substrate. The substrate consists of 70mM
citrate phosphate buffer (pH 4.2), 1mM ABTS (2, 2'-azino-bis (3-ethylbenzthiazoline6-sulphonic acid)) and a 1:1000 dilution of 30% hydrogen peroxide. The peroxidase
binds to the allergen on the plate and catalyses the reaction between ABTS and
hydrogen peroxide in an oxidation reduction reaction resulting in a change of color
from a colorless solution to a green color solution. The incubation period for this step
was 5 minutes.

•

Step 7- Stop:
The enzyme- substrate reaction was stopped after exactly 5 minutes. This was an
important aspect when reading the plate – as each well had to be incubated in the
substrate for the same time. The stop solution used was 0.05 % sodium-azide. The
plates were read at 405nm using a spectrophotometer.
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•

Data analysis for ELISA:
The mean microgram concentrations and standard error of mean (SEM) for the
concentrations of the Group 1 and Group 2 allergens per 100 mg of culture, at each
sampling time were calculated and plotted against time. The Group 1 and Group 2
allergen trends at 20oC and 25oC seemed identical to the growth pattern of the mites.
Hence, an exponential equation, similar to the one used to calculate the growth rate,
was used to calculate the rate of accumulation of the allergen (k) per week and the
time taken for the allergen concentration to double (t).
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IV. RESULTS
A. Dermatophagoides pteronyssinus (DP) cultured at 20oC
i. Population Growth Curve:
The population size increased exponentially over time, from t= 0 wks (when the
cultures started) up to t= 8 wks (when the cultures matured) (Fig. 2). At t= 0 the
population density was 269 + 11(+ SEM) mites per 50 mg of culture material (Table 1).
The density of the population started to plateau after 8 weeks, showing a maximum
population density in the 10th week (3154 + 142) (Table 1). The population density
showed a decline after week 10 reaching a low number of 2514 in week 12 (Table 1); this
decline was due to depletion of food in the culture. The population growth rate of D.
pteronyssinus at 20oC was 27.6 % per week and the time taken for the population to
double was about 2.52 weeks (Table 2, Fig. 3).
ii. Life stage composition:
When the cultures started, the number of eggs/1000 mites was very high (447 +
15) compared to the numbers of the other life stages (less than 240) (Table 3, Fig. 4). This
trend continued until week 6. After week six, the egg numbers declined until the cultures
died (Table 3, Fig. 4). Initially, the numbers of larvae and nymphal stages were low
(ranging from 182 – 197 and 140, respectively) but as the cultures matured there was an
increase in their numbers ranging from 369 to 238 for larvae and 190 – 409 for nymphs
(Table 3, Fig. 4). The proportions of males (9 - 17%) and females (7 – 13%) per 1000
mites were almost the same from the start of the cultures to the end. The number of
protonymphs was very low (0.5%) from week 0 to 8, this was particularly evident during
the first six weeks of the population growth. When the culture ended (t= 10 and 12) there
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was an increase in the protonymphs comprising about 10 % of the population (Table 3,
Fig. 4). Towards the end (10 -12 weeks) when the cultures ran out of food, the nymphal
stages dominated the population (Table 3, Fig. 4).
iii. Allergen concentration:
The maximum allergen concentration in the culture material (mites and media) was
at week 12 (Fig. 5, Table 4). The amount of Der p 1 and Der p 2 produced in the cultures
was almost the same initially and both showed an exponential increase over time (Fig. 5,
Table 4). The rate of accumulation of Der p 1 was 34 % per week and the time taken for
the concentration to double was 2.04 weeks (Table 5, Fig. 6). The rate of accumulation of
Der p 2 was 20% per week (14% lower than Der p 1) and the doubling time was 3.43
weeks (Table 5, Fig. 6). By the time the culture ended (t= 12) the amount of Der p 1 in the
cultures was 1.33 times more than Der p 2 (Table 4, Fig. 7).
In pure mite bodies, the Group 1 and Group 2 allergen concentrations were similar
from t= 0 to t= 10 (Table 6, Fig. 8). In the mites, the rate of accumulation of Group 1
allergen was faster (22% per week), whereas Group 2 allergen accumulated slower at 15%
per week (Table 7, Fig. 9). In the culture wash samples, the Group 1 and Group 2
concentrations changed at different rates over time. At week 10 the concentration of Der p
1 was 11.204 and the Group 2 concentration was 3.523 (Table 8, Fig. 10). The rate of
accumulation of Der p 1 was 35% per week and the doubling time was 1.97 weeks (Table
9, Fig. 11). The rate of accumulation of Group 2 was 24% per week and the doubling time
was 2.87 weeks (Table 9, Fig. 11).
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Table 1: Population density of Dermatophagoides pteronyssinus grown at 20oC. The density
of the population at each sampling time is the average of five replica samples. The standard
mean of error (SEM) was calculated for population density at each time point. Live mite
counts were done by counting the life stages- larvae, nymphs and adults.

Time
(Weeks)

0

2

4

6

8

10

12

Avg. no.
of mites
per 50
mg of
culture

269

565

898.6

1175

2933

3154

2514

+ SEM

11.3

26

32

29.3

134.1

142

142

Figure 2: Population growth of Dermatophagoides pteronyssinus (DP) at 20oC. Sample
collection and counting was done at two week intervals until the cultures ran out of food.
Data are from Table 1.
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Figure 3: Regression analysis of the growth curve of Dermatophagoides pteronyssinus (DP)
cultured at 20oC. The population mean densities are the natural logs and of data taken from
Table 1.

Table 2: The population growth rate (k), doubling time and the correlation coefficient (R2)
for Dermatophagoides pteronyssinus grown at 20oC and 75% RH until 8 weeks. Data are
from Figure 2 and Table 1.

Temperature

Correlation
coefficient
(R2)

Growth rate
constant
(k)

Doubling time
(wks)

20oC

0.9695

0.2756

2.52
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Table 3: Life stage composition of the Dermatophagoides pteronyssinus population cultured at
20oC. Samples were taken at two week intervals during the 12 week growth period. At least 250
specimens (eggs, larvae, nymphs and adults) per culture were counted and extrapolated to 1000
specimens. Then the averages for all five replicates were taken and SEM for each time point
was calculated.
Time

Eggs

Larva

Protonymph

Tritonymph

Male

Female

0

447 + 15

238 + 9

5+2

44 + 12

144 + 18

123 + 14

2

511 + 43

182 + 17

5 + 2.3

135 + 18.5

93 + 20

74 + 8

4

352 + 42

175 + 13

2 + 1.6

175 + 16

164 + 14

132 + 12

6

495 + 23

197 + 17

12 + 3

79 + 15

123 + 18

95 + 12

8

250 + 26

369 + 29

47 + 5.4

143 + 15.3

116 + 19

75 + 8

10

141 + 19

238 + 35

98 + 3.4

311 + 17.5

128 + 26

85 + 16

12

175 + 25

175 + 28

77 + 14

286 + 16

179 + 14

108 + 15

Figure 4: Life stage composition of Dermatophagoides pteronyssinus (DP) grown at 20oC.
The error bars represent the standard mean of error. Data are taken from Table 3.
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Table 4: Mean (+ SEM) micrograms Group 1 and Group 2 allergen per 100 mg of culture
material of Dermatophagoides pteronyssinus cultured at 20oC. The concentrations at each
sampling time are the means of readings from five cultures. The ratio of Der p 1/ Der p 2 for
each time point was calculated.
Time (Weeks)

0

2

4

6

8

10

12

Der p 1 (µg)

0.5

1.6

3.2

5.4

10.9

20.8

33.7

+ SEM Der p 1

0.07

0.22

0.3

0.2

0.8

0.89

1.3

Der p 2 (µg)

1.47

1.8

2

3.8

5

10.89

14

+ SEM Der p 2

0.25

0.3

0.12

0.08

0.45

1.35

1

Der p 1 / Der p
2

0.34

0.88

1.6

1.42

2.18

1.91

2.4

Figure 5: Allergen concentration (µg/100 mg of culture material) of Dermatophagoides
pteronyssinus (DP) at 20oC. The error bars represent the standard error of the mean. Data are
from Table 4.
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Figure 6: Regression analysis of the allergens Der p 1 and Der p 2 for Dermatophagoides
pteronyssinus cultured at 20oC. The mean allergen concentrations are the natural logs of data
from Table 4.

Table 5: The rate of accumulation of allergen (k), the doubling time and the correlation
coefficient (R2) for Dermatophagoides pteronyssinus cultured at 20oC. Data are from Figure
5, Table 4.

Allergen

Correlation
coefficient
(R2)

Rate of
accumulation
(k)

Doubling time
(wks)

Der p 1

0.9836

0.3391

2.04

Der p 2

0.9574

0.2014

3.44

Der p 1/ Der p 2

0.8624

0.1574
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Figure 7: The ratio of Der p 1 and Der p 2 allergens for Dermatophagoides pteronyssinus at
20oC. Data are from Table 4.
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Table 6: The mean microgram Der p 1 and Der p 2 allergen content in pure mite bodies per
100 mg of culture material of D. pteronyssinus cultured at 20oC. SEM was calculated at each
time point.
Time
(Weeks)

0

2

4

6

8

10

12

Avg. Der p
1 µg/100
mg of
culture

0.632

0.338

0.896

0.773

2.116

4.983

3.282

+ SEM Der
p1

0.329

0.026

0.347

0.191

0.264

0.235

0.347

Avg. Der p
2 µg/100
mg of
culture

1.241

0.628

1.379

0.952

2.694

4.863

2.679

+ SEM Der
p2

0.357

0.037

0.245

0.174

0.426

0.798

0.310

Figure 8: The average concentrations of Der p 1 and Der p 2 (µg/100 mg of culture material)
in pure mite bodies of D. pteronyssinus at 20oC. The error bars represent the standard error of
the mean. Data are from Table 6.
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Figure 9: Regression analysis of the allergens Der p 1 and Der p 2 in pure mites for
Dermatophagoides pteronyssinus cultured at 20oC. The mean allergen concentrations are the
natural logs of data from Table 6.

Table 7: The rate of accumulation of allergen (k), the doubling time and the correlation
coefficient (R2) in pure mites for Dermatophagoides pteronyssinus cultured at 20oC. Data are
from Figure 9.
Correlation

Rate of

Doubling time

Coefficient (R2)

Accumulation (k)

(wks)

Der p 1

0.5971

0.1997

3.47

Der p 2

0.7922

0.1263

5.48

Allergen
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Table 8: The mean microgram of Der p 1 and Der p 2 allergen in the culture wash per 100
mg of culture material of D. pteronyssinus cultured at 20oC. Standard error of the mean
(SEM) was calculated at each time point.
Time (Weeks)

0

2

4

6

8

10

12

Avg. Der p 1
µg/100 mg of
culture

0.275

0.979

2.313

3.064

6.764

11.204

13.062

+ SEM Der p 1

0.046

0.109

0.307

0.316

0.944

0.997

2.696

Avg. Der p 2
µg/100 mg of
culture

0.336

0.507

0.693

0.955

2.513

3.523

6.751

+ SEM Der p 2

0.072

0.055

0.204

0.088

0.398

0.426

0.821

Figure 10: The average concentrations of Der p 1 and Der p 2 (µg/100 mg of culture
material) in culture wash solution of D. pteronyssinus at 20oC. The error bars represent the
standard error of the mean. Data are from Table 8.
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Figure 11: Regression analysis of the allergens Der p 1 and Der p 2 in culture wash samples
for Dermatophagoides pteronyssinus cultured at 20oC. The mean allergen concentrations are
the natural logs of data are taken from Table 8.

Table 9: The rate of accumulation of allergen (k), the doubling time and the correlation
coefficient (R2) for culture wash samples Dermatophagoides pteronyssinus cultured at 20oC.
Data are from Figure 11, Table 8.
Correlation

Rate of

Doubling time

Coefficient (R2)

Accumulation (k)

(wks)

Der p 1

0.9606

0.3238

2.14

Der p 2

0.9687

0.2637

2.63

Allergen
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B. Dermatophagoides pteronyssinus (DP) cultured at 25oC.
i. Population Growth Curve:
The population size increased exponential over time from t= 0 wks (when the
culture started) up to t= 8 wks (when the cultures matured) (Fig. 12). At t= 0, the
population density was 160 + 4 (Table 10). The population density was the maximum at
the 8th week (5807 + 207) and then it dropped drastically by week 10 (1780 + 68.5) (Table
10, Fig. 12). The drop in the growth was due to the depletion of food in the cultures. The
growth rate of DP at 25oC was 45.2 % per week and the doubling time for the population
was 1.54 weeks (Table 11, Fig. 13).
ii. Life stage composition:
In a total count of 1000 mites, eggs were the prominent life stage in the early
weeks of culture but there was a twofold decrease in their numbers in week six compared
with week zero (445 and 240, respectively) (Figure 14, Table 12). The numbers of larvae
were relatively consistent all through the course of the culture, ranging from a minimum
of 170 in the first week to maximum of 308 in the 6th week (Fig. 14, Table 12). The
density pattern of the tritonymphs was almost a mirror image of the larval stage density
pattern (Fig. 14). The number of tritonymphs was highest in the 8th week (339 + 55)
(Table 12). The percentage of protonymphs initially was 6.5% and towards the end of the
culture the numbers dropped such that they comprised of only 1.6 % of the total
population (Table 12). The number of males to females were relatively the same from the
beginning to the end of the cultures, comprising 7 -14% and 5-10% respectively of the
total population (Table 12).
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iii. Allergen concentration:
The maximum allergen concentration in the cultures was seen at week 10, when
the concentrations of Der p 1 and Der p 2 were 42 µg and 19 µg for 100 mg of culture,
respectively (Fig. 15, Table 13). The amount of Der p 1 and Der p 2 grew exponentially in
parallel with the growth of the mite population (Fig. 15). The rate of accumulation of Der
p 1 was 29 % per week and the doubling time was 2.4 weeks (Fig. 16, Table 14). The rate
of accumulation of Der p 2 was 26 % per week and the doubling time was 2.7 weeks
(Table 14). The ratio of Group 1 to Group 2 allergens showed that from week 0 until week
6 there was a continual increase in Group 1 allergen; but from week 8 until week 10 (when
the culture ran out of food) the ratio of group 1 to group 2 did not change (Fig. 17). The
ratio of the allergens was highest at t= 6 (Fig. 17).
In pure mites (washed), the Group 1 and Group 2 concentrations were the same
until week 8 (Table 15, Fig. 18). At week 10, the concentration of Group 1 allergens was
16.8 µg and the concentration of Group 2 was 9.08 µg (Table 15, Fig. 18). The rate of
accumulation of Der p 1 was 36.78% per week, while for Der p 2 it was 33.18% per week
(Table 16, Fig. 19). The time taken for the concentration of Der p 1 to double was 1.11
times faster than Group 2 (Table 16). In the culture wash solution, there was more Group
1 allergen than Group 2 allergen. The maximum Group 1 allergen concentration was seen
at week 10 (41.9 micrograms) (Table 17, Fig. 20). The concentration of Group 2 allergens
in the culture wash was much lower and reached a maximum concentration of 9
micrograms in the 10th week (Table 17, Fig 20). The rate of accumulation and doubling
time for Group 1 allergen was 0.3247 and 2.13, respectively (Table 18, Fig. 21). The rate
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of accumulation and doubling time for Group 2 allergen was 0.288 and 2.40, respectively
(Table 18, Fig. 21).
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Table 10: The mean population densities of D. pteronyssinus grown at 25oC. The population
density at each sampling time is the average of five replica samples. SEM for the population
density was calculated at each time point. Live mite counts were done by counting the life
stages- larvae, nymphs and adults.
Time
(Weeks)

0

2

4

6

8

10

Avg. of
Total
Mites per
50 mg of
culture

159.6

566

1358

3587

5807

1780

+ SEM

4

8

62

118

207

68.5

Figure 12: Population growth (+ SEM) of D. pteronyssinus (DP) grown at 25oC. Sample
collection and counting was done at two week intervals until the cultures ran out of food.
Data are from Table 10.
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Figure 13: Regression analysis of the growth curve of Dermatophagoides pteronyssinus
(DP) cultured at 25oC. The mean population densities for each time are the natural logs of
data from Table 10.
Table 11: The population growth rate (k), doubling time and the correlation coefficient (R2)
for Dermatophagoides pteronyssinus grown at 25oC and 75% RH. Data are from Figure 13.

Temperature

Correlation
Coefficient
(R2)

Growth rate
constant
(k)

Doubling time
(wks)

25oC

0.9793

0.4518

1.534
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Table 12: Life stage composition of Dermatophagoides pteronyssinus cultured at 25oC.
Samples were taken at two week intervals during the 10 week growth period. At least 250
specimens (eggs, larvae, nymphs and adults) per culture were counted and extrapolated to
1000 specimens. Then the averages for all five replicates + SEM were calculated.
Time
0
2
4
6
8
10

Eggs

Larva

Protonymph

Tritonymph

Male

Female

445 + 26

170 + 23

33 + 4

151 + 7

116 + 8

86 + 8

396 + 44

274 + 8

61 + 4

143 + 29

73 + 13

52 + 5

329 + 28

223 + 14

52 + 5

202 + 24

102 + 9

93 + 13

240 + 29

308 + 37

36 + 6

229 + 26

114 + 23

73 + 17

190 + 7

214 + 45

29 + 2

339 + 55

122 + 11

107 + 18

154 + 10

254 + 19

1.6 + 1

336 + 26

147 + 22

108 + 17

Figure 14: Life stage composition of D. pteronyssinus (DP) grown at 25oC.The error bars
represent the SEM. Data are taken from Table 12.
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Table 13: Mean (+ SEM) micrograms of Group 1 and Group 2 allergen (µg/100 mg of
culture material) of Dermatophagoides pteronyssinus cultured at 25oC. The ratio of Der p 1/
Der p 2 for each time point was calculated.
Time
(Weeks)

0

2

4

6

8

10

Der p 1
(µg)

2.48

3.15

5.03

9.51

21.11

41.95

+ SEM Der
p1

0.22

0.22

0.31

0.33

0.59

1.83

Der p 2
(µg)

1.49

1.53

1.91

3.42

8.06

18.96

+ SEM Der
p2

0.18

0.13

0.15

0.17

0.64

1.90

Der p 1/
Der p 2

1.66

2.05

2.63

2.78

2.61

2.21

Figure 15: Mean allergen concentration of D. pteronyssinus (DP) at 20oC. The error bars
represent the SEM. Data ate taken from Table 13.
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Figure 16: Regression analysis of the allergen data for Dermatophagoides pteronyssinus
cultured at 25oC. Data are natural logs of values taken from Table 13.

Table 14: The rate of accumulation of allergen (k), the doubling time and the correlation
coefficient (R2) for Dermatophagoides pteronyssinus cultured at 25oC. Data are from Figure
16.

Allergen

Correlation
coefficient
(R2)

Rate of
accumulation
(k)

Doubling time
(wks)

Der p 1

0.9704

0.2921

2.4

Der p 2

0.8971

0.2612

2.7

Der p 1 / Der p 2

0.3269

0.065
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Figure 17: The ratio of Der p 1 and Der p 2 at 25oC. Data are from Table 13.
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Table 15: The mean micrograms of Der p 1 and Der p 2 allergens (+ SEM) in pure mites per
100 mg of culture material of D. pteronyssinus (DP) cultured at 20oC.
Time (Weeks)

0

2

4

6

8

10

Avg. Der p 1
µg/100 mg of
culture

0.599

0.625

1.064

2.846

9.24

16.837

SEM + Der p 1

0.124

0.144

0.186

0.502

2.437

1.427

Avg. Der p 2
µg/ 100 mg of
culture

0.700

0.437

0.924

2.628

9.028

9.602

SEM + Der p 2

0.275

0.133

0.183

0.819

2.661

2.072

Figure 18: The average allergen content of Der p 1 and Der p 2 in pure mites (µg per 100
mg of culture material + SEM), in cultures of D. pteronyssinus at 25oC. Data are from Table
15.
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Figure 19: Regression analysis of the allergens Der p 1 and Der p 2 in pure mites for
Dermatophagoides pteronyssinus cultured at 25oC. The mean allergen concentrations are the
natural logs of data from Table 15.

Table 16: The rate of accumulation of allergen (k), the doubling time and the correlation
coefficient (R2) in pure mites for Dermatophagoides pteronyssinus cultured at 25oC. Data are
from Figure 19.
Correlation

Rate of

Doubling time

Coefficient (R2)

Accumulation (k)

(wks)

Der p 1

0.9432

0.3678

1.88

Der p 2

0.8736

0.3318

2.08

Allergen
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Table 17: The mean micrograms of Der p 1 and Der p 2 (+ SEM) in the culture wash per 100
mg of culture material of D. pteronyssinus grown at 20oC.

Time (Weeks)

0

2

4

6

8

10

Avg. Der p 1 µg/
100 mg of
culture

1.803

2.629

4.303

7.592

22.408

41.914

+ SEM Der p 1

0.17

0.26

0.533

0.25

2.701

5.761

Avg. Der p 2
µg/100 mg of
culture

0.464

0.804

0.989

1.5

3.749

9.545

+ SEM Der p 2

0.075

0.112

0.062

0.185

0.662

2.183

Figure 20: The average content of Der p 1 and Der p 2 in culture wash solution (µg per 100
mg of culture material), in cultures of D. pteronyssinus at 25oC. The error bars represent the
SEM. Data are from Table 14.
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Figure 21: Regression analysis of the allergens Der p 1 and Der p 2 in culture wash solution
samples for Dermatophagoides pteronyssinus cultured at 25oC. The mean allergen
concentrations are the natural logs of data from Table 17.
Table 18: The rate of accumulation of allergen (k), the doubling time and the correlation
coefficient (R2) in culture wash solution for Dermatophagoides pteronyssinus cultured at
25oC. Data are from Figure 21.
Correlation

Rate of

Doubling time

Coefficient (R2)

Accumulation (k)

(wks)

Der p 1

0.972

0.325

2.13

Der p 2

0.9434

0.288

2.40

Allergen
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C. Comparison of the Population Growth and Allergen Concentration of
Dermatophagoides pteronyssinus (DP) at 20oC and 25oC:
Population Growth:
Population growth of D. pteronyssinus was exponential both at 20oC and 25o C
(Fig. 22, Table 19). During the first two weeks of culture, the mean population densities
for the populations at the two temperatures were about the same. From the second week,
the cultures grown at 25oC showed a more rapid increase in numbers compared to the
cultures grown at 20oC. For the cultures grown at 20oC, the population peaked in the 10th
week (3154 + 142) and at 25oC the population reached a peak at the 8th weeks (5807 +
207.33) (Table 19). At 8 weeks, the mite population was 2 fold greater at 25oC compared
to 20oC (Table 19). D. pteronyssinus had a higher growth rate and faster doubling time at
25oC than at 20oC. The growth rate of the cultures grown at 25oC, were two fold greater
than the growth rate of the cultures at 20oC (Table 20). The growth rate at 20oC was
0.2756, while at 25oC it was 0.4518 (Table 20). The doubling time for the population for
20oC was 2.52 weeks and for 25oC it was 1.54 weeks.
Allergens:
Der p 1 – At 25oC, the concentration of Der p 1 was greater than at 20oC for
comparable times during the mite population growth (Table 21, Fig. 24). At 25oC, the
maximum allergen concentration was in the 10th week (41.95 µg/100 mg of culture),
whereas, at 20oC the highest concentration of Der p 1 allergen was seen in week 12 (33.7
µg/100 mg of culture) (Table 21, Fig. 24). At 20oC accumulation rate constant was 1.16
times faster than at 25oC (Table 22, Fig. 25). At 25oC in pure mites, the Group 1 allergen
concentration was higher than at 20oC (Table 27, Figure 30).The rate of accumulation at
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25oC was 1.64 times more than at 20oC (Table 28, Fig. 31). The culture wash samples
showed a pattern similar to that of the whole culture samples; the rate of accumulation of
Group 1 allergen in the culture wash was higher at 20oC than at 25oC, 0.3517 and 0.3247
respectively (Table 31, Figure 34).
Der p 2 – Initially the concentrations of Group 2 allergens at 20oC and 25oC were
1.47 and 1.49 µg/ 100 mg of culture, respectively (Table 23, Figure 26). At weeks 2 and 4
the cultures grown at 25oC showed lower Group 2 concentrations than at 20oC (Table 23,
Figure 26). Whereas from the 6th week until the cultures ran out of food, DP showed more
Group 2 allergens at 25oC than at 20oC (Table 23, Figure 26). The rate of accumulation of
allergen was 0.2011 and 0.2611 at 20oC and 25oC, respectively (Table 24, Figure 27). The
time taken for the allergen concentration to double for cultures grown at 20oC was 1.3
times longer than at 25oC (Table 24). The concentration of group 2 allergen in pure mites
was higher at 25oC than at 20oC (Figure 32, Table 29). The rate of accumulation at 25oC
was 2.14 times faster than at 20oC (Figure 33, Table 30). The culture wash samples at
20oC and 25oC showed the Group 2 allergen concentrations to be similar until week 8,
after which the cultures at 25oC showed more Group 2 than compared to 20oC (Table 33,
Figure 36). The rate of accumulation of the Group 2 allergens in the culture wash at 20o C
was 0.241 and at 25oC was 0.288 (Table 34, Figure 37) .
Der p 1/ Der p 2 – The ratio of Der p 1 to Group 2 allergens was greater at 25oC
than at 20oC (Table 25, Fig. 28). At 20oC the highest ratio of Der p 1 to Der p 2 was seen
at week 12 (2.41) whereas it was seen at week 6 (2.62) at 25oC (Table 25, Fig. 28). The
rate of change of Group 1 to Group 2 was faster at 25oC than at 20oC (Table 26, Fig. 29).
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Table 19: Mean population densities (+ SEM) of D. pteronyssinus grown at 20oC and 25oC.
Data are the average number of mites per 50 mg of culture material. Live mite counts were
done by counting the life stages- larvae, nymphs and adults.
Time
(Weeks)

0

2

4

6

8

10

12

20oC

268.7

565.1

898.6

1174.8

2933.3

3153.7

2514

+ SEM

11.3

26

32

29.3

134

142

142

25oC

159.5

566

1358

3587

5807

1780

+ SEM

4.02

7.87

61.78

117.83

207.33

68.53

Figure 22: Comparison of the mean population growth of Dermatophagoides pteronyssinus
(DP) (+ SEM) at 20oC and 25oC. Data are from Table 19.
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Figure 23: Regression analysis of mean population densities for D. pteronyssinus (DP)
grown at 20oC and 25oC. The mean population densities are the natural logs of data taken
from Table 19.
Table 20: The growth rate constant (k), doubling time and correlation coefficient (R2) of D.
pteronyssinus at both temperatures.

Temperature

Correlation
coefficient
(R2)

Growth rate
constant
(k)

Doubling time
(wks)

20oC

0.9658

0.2756

2.52

25oC

0.9793

0.4518

1.54
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Table 21: The mean micrograms densities of Group 1 allergen (Der p 1) (+ SEM) per 100
mg of culture material of D. pteronyssinus at 20oC and 25oC.
Time (Weeks)

20oC

25oC

0

0.49 + 0.07

2.48 + 0.22

2

1.6 + 0.22

3.15 + 0.22

4

3.2 + 0.3

5.03 + 0.31

6

5.4 + 0.2

9.51 + 0.33

8

10.9 + 0.8

21.11 + 0.59

10

20.8 + 0.89

41.95 + 1.83

12

33.7 + 1.3

Figure 24: Comparison between the concentrations of Der p 1 (µg/100 mg of culture) for D.
pteronyssinus, cultured at 20oC and 25oC. The error bars represent + SEM. Data are from
Table 21.
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Figure 25: Regression analysis of the concentration of Der p 1 at 20oC and 25oC. Data are
natural logs of values from Table 21.

Table 22: The correlation coefficient, rate of accumulation and doubling time of the
concentration of Der p 1 at 20oC and 25oC. Data are from Figure 25.

Temperature

Correlation
coefficient
(R2)

Rate of
accumulation
(k)

Doubling time
(wks)

20oC

0.9834

0.3391

2.04

25oC

0.9725

0.2921

2.37
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Table 23: The mean microgram densities of Group 2 allergen (Der p 2) (+ SEM) per 100
mg of culture material of D. pteronyssinus at 20oC and 25oC.
Time (Weeks)

20oC

25oC

0

1.47 + 0.25

1.49 + 0.18

2

1.8 + 2

1.53 + 0.13

4

2 + 0.12

1.91 + 0.15

6

3.8 + 0.08

3.42 + 0.17

8

5 + 0.45

8.06 + 0.64

10

10.89 + 1.35

18.96 + 1.9

12

14 + 1

Figure 26: Comparison between the concentrations of Der p 2 (µg/100 mg of culture) (+
SEM) for D. pteronyssinus, cultured at 20oC and 25oC. Data are from Table 16.
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Figure 27: Regression analysis of the concentration of Der p 2 at 20oC and 25oC. Data are
natural logs of values from Table 23.
Table 24: The correlation coefficient, rate constant of accumulation and doubling time of
Der p 2 at 20oC and 25oC. Data are from Figure 27.

Temperature

Correlation
coefficient
(R2)

Rate of
accumulation
(k)

Doubling time
(wks)

20oC

0.9574

0.2014

3.44

25oC

0.8971

0.2613

2.65
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Table 25: Ratio of Der p 1 and Der p 2 at 20oC and 25oC. Data are ratio of the concentrations
of Der p 1 and Der p 2 from Tables 21 and 23. SEM was calculated at each sampling time.
Time (Weeks)

Temp 20oC

Temp 25oC

0

0.33 + 0.3

1.66 +1.2

2

0.91 + 0.8

2.06 + 1.8

4

1.54 + 2.6

2.64 + 2

6

1.92 + 2.7

2.78 + 2

8

2.13 + 1.8

2.62 + 0.9

10

1.91 + 0.7

2.21 + 1

12

2.41 + 1.3

Figure 28: Ratio of Der p 1/ Der p 2 in cultures of D. pteronyssinus (DP) grown at 20oC and
25oC. Data are from Table 25.

Figure 16: Ratio of Der p 1/ Der p 2 in cultures of D. pteronyssinus grown at 20oC and
25oC. Plotted data from Table 21.
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Figure 29: The analysis for the ratio of Der p 1 /Der p 2 of D. pteronyssinus (DP) at 20oC
o
and 2517:
C. The
Datalinearised
are from Table
25.Der p 1 /Der p 2 of DP at 20oC and 25oC. Natural logs
Figure
ratio of

were applied to data in Table 21.
Table 26: Comparison of ratio of Der p 1 and Der p 2 allergens –rate constants (k) and
correlation coefficients (R2) based on data from Figure 29, for change in ratio Der p 1 /Der p
2 in cultures.

Temperature

Correlation coefficient
(R2)

Rate of change
(k)

20oC

0.8627

0.1577

25oC

0.3247

0.0650
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Table 27: Comparison of Der p 1 content in pure mite bodies of D. pteronyssinus cultured at
20oC and 25oC. The concentrations at each sampling time are the average readings from five
jars. SEM was calculated at each sampling time.
Time (Weeks)

20oC

25oC

0

0.63 + 0.33

0.59 + 0.12

2

0.34 + 0.03

0.63 + 0.14

4

0.89 + 0.35

1.06 + 0.18

6

0.77 + 0.19

2.85 + 0.50

8

2.17 + 0.26

9.24 + 2.44

10

4.98 + 0.24

16.84 + 1.43

12

3.28 + 0.34

Figure 30: Concentration of Der p 1 (µg per 100 mg of culture material) in pure mite bodies
of D. pteronyssinus grown at 20oC and 25oC. The error bars represent the standard error of
mean. Data are taken from Table 27.

63

Figure 31: Regression analysis of Der p 1 in pure mite bodies of D. pteronyssinus at 20oC
and 25oC. The mean microgram concentrations of Der p 1 at each time point are the natural
logs of data from Table 27.
Table 28: Comparison of accumulation rate constants (k), correlation coefficients (R2) and
doubling time of Der p 1 allergen in pure mite bodies of D. pteronyssinus grown at 20oC and
25oC. Data are from Figure 31.
Correlation

Rate of

Doubling time

coefficient (R2)

accumulation (k)

(wks)

20oC

0.7679

0.224

3.09

25oC

0.9432

0.3678

1.88

Temperature
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Table 29: Comparison of Der p 2 content in Pure mites of D. pteronyssinus cultured at 20oC
and 25oC. The concentrations at each sampling time are the average readings from five jars.
SEM was calculated at each sampling time.
Time (Weeks)

20oC

25oC

0

1.24 + 0.36

0.70 + 0.27

2

0.63 + 0.04

0.44 + 0.13

4

1.38 + 0.25

0.93 + 0.18

6

0.95 + 0.17

2.63 + 0.82

8

2.69 + 0.43

9.03 + 2.66

10

4.86 + 0.79

9.60 + 2.07

12

2.67 + 0.31

Figure 32: Comparison in the Der p 2 (µg per 100 mg of culture material) of pure mite
bodies of D. pteronyssinus at 20oC and 25oC. SEM was calculated at each time point.
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Figure 33: Regression analysis of Der p 2 in pure mite bodies of D. pteronyssinus at 20oC
and 25oC. The mean microgram concentrations of Der p 2 at each time point are the natural
logs of the data taken from Table 29.

Table 30: Comparison of accumulation rate constants (k), correlation coefficients (R2) and
doubling time of Der p 2 allergen in pure mite bodies of D. pteronyssinus grown at 20oC and
25oC. Data are from Figure 33.
Rate of

Doubling time

coefficient (R )

accumulation (k)

(wks)

20oC

0.6135

0.1547

4.48

25oC

0.8736

0.3318

2.08

Temperature

Correlation
2
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Table 31: Comparison of the concentration of Der p 1 (µg/100 mg of culture material) in the
culture wash solution at 20oC and 25oC. The concentrations at each sampling time are the
average readings from five jars. SEM was calculated at each sampling time.
Time (Weeks)

20oC

25oC

0

0.23 + 0.05

1.47 + 0.17

2

0.80 + 0.11

2.15 + 0.26

4

1.89 + 0.31

3.52 + 0.53

6

2.51 + 0.32

6.21 + 0.25

8

5.53 + 0.94

18.33 + 2.70

10

9.17 + 0.99

34.29 + 5.76

12

13.06 + 2.69

Figure 34: Comparison in the Der p 1 allergen content (µg per 100 mg of culture material) of
culture wash of D. pteronyssinus at 20oC and 25o C. SEM was calculated at each time point.
Data are from Table 31.
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Figure 35: Regression analysis of Der p 1 in culture wash of D. pteronyssinus at 20oC and
25oC. The mean microgram concentration of Der p 1 at each time point are the natural logs of
data from Table 31.

Table 32: Comparison of accumulation rate constants (k), correlation coefficients (R2) and
doubling time of Der p 1 allergen in culture wash solution for D. pteronyssinus grown at
20oC and 25oC. Data are from Figure 35.

Temperature

Correlation
coefficient (R2)

Rate of
accumulation (k)

Doubling time
(wks)

20oC

0.9625

0.3517

1.97

25oC

0.972

0.3247

2.13
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Table 33: Comparison of the concentration of Der p 2 (µg/100 mg of culture material) in
culture wash solution of D. pteronyssinus cultured at 20oC and 25oC. The concentrations at
each sampling time are the average readings from five jars. SEM was calculated at each
sampling time.
Time (Weeks)

20oC

25oC

0

0.34 + 0.07

0.46 + 0.08

2

0.51 + 0.05

0.80 + 0.11

4

0.69 + 0.20

0.99 + 0.06

6

0.95 + 0.09

1.5 + 0.18

8

2.51 + 0.39

3.75 + 0.66

10

3.52 + 0.43

9.54 + 2.18

12

6.75 + 0.82

Figure 36: Comparison in the Der p 2 (µg per 100 mg of culture material) in culture wash
solution of D. pteronyssinus at 20oC and 25oC. SEM was calculated at each time point.
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Figure 37: Regression analysis of Der p 2 in culture wash of D. pteronyssinus at 20oC and
25oC. The mean microgram concentrations of Der p 2 are the natural logs of data taken from
Table 33.

Table 34: Comparison of accumulation rate constants (k), correlation coefficients (R2) and
doubling time of Der p 2 allergen in the culture wash samples of D. pteronyssinus grown at
20oC and 25oC. Data are from Figure 37.
Temperature

Correlation
Coefficient (R2)

Rate of
accumulation (k)

Doubling time
(wks)

20oC

0.9632

0.241

2.87

25oC

0.9433

0.288

2.40
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D. Dermatophagoides farinae (DF) cultured at 20oC
i. Population Growth Curve:
The population size increased exponentially over time, from t= 0 wks (when the
cultures started) up to t= 8 wks (when the cultures matured) (Fig. 38). At t= 0 the
population density was 126 + 6 mites per 50 mg of culture material (Table 35). The
density of the population started to plateau after 8 weeks, showing a maximum population
density in the 10th week (1753 + 123) (Table 35). The population density showed a
decline after week 10 reaching a low number of 1172 in week 14 (Table 35); this was due
to depletion of food in the culture. The population growth rate of D. farinae at 20oC was
30.2 % per week and the time taken for the population to double was about 2.29 weeks
(Table 36, Fig. 39).
ii. Life stage composition:
At t= 0, the numbers of the different life stages were approximately the same,
except for protonymphs which constituted only 2% of the 1000 specimens (Table 37, Fig.
40). From the second week, the number of egg increased until they reached a maximum
number of 506 in week 6 (Table 37, Fig. 40). In the 8th week, the number of eggs showed
a decrease and the numbers dropped to 249 per 1000 mites (Table 37, Fig. 40). The
numbers of larvae ranged from 183 in week 4 to a maximum of 321 in week 8. The
numbers of tritonymphs remained the same during the course of the cultures (lowest
number was seen in week 6, where as the highest was in week 10 (278)) (Table 37, Fig.
40). The number of protonymphs in the cultures were low, taking up 1-7% per 1000
specimens from t= 0 to t= 14 (Table 37, Fig. 40). The adults together constituted 20% of
the total population at any given time (Table 37, Fig. 40). At t= 0, there were more
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females than males, but as the cultures matured there was an increase in the male
population (Table 37, Fig. 40).
iii. Allergen concentration:
Both Group 1 (Der f 1) and Group 2 (Der f 2) increased exponentially during the
14 weeks of culturing (Table 38, Figure 41). The maximum amount of Der f 1 was seen in
week 14(33.54 + 0.91) and the maximum amount of Der 2 was seen in week 12 (and 6.1 +
0.86, respectively) (Table 38). The rate of accumulation of Der f 1 was 20.8 % per week
and the time taken for the concentration to double was 3.33 weeks (Table 39, Fig. 42). The
rate of accumulation of Der f 2 was 14.7 % per week and the doubling time was 4.69
weeks (Table 39, Fig. 42). By the time the culture ended (t= 14) the amount of Der f 1 in
the cultures was 13.7 times more than Der f 2 (Table 39, Fig. 43).
In pure mite bodies, the Group 1 and Group 2 allergen concentrations were similar
only at t= 0 (Table 40, Fig. 44). In the mites, the rate of accumulation and doubling time
of Group 1 allergen was 33.1% per week and 2.09 weeks, respectively (Table 41, Fig. 45);
Group 2 allergen accumulated at 27.68% per week and the doubling time was 2.50 weeks
(Table 41, Fig. 45). In the culture wash samples, the Group 1 and Group 2 concentrations
changed at different rates over time (Table 42, Fig. 46). The rate of accumulation of Der f
1 was 21.9 % per week and the doubling time was 3.16 weeks; the rate of accumulation of
Group 2 was 23.91 % per week and the doubling time was 2.89 weeks (Table 43, Fig. 47).
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Table 35: Population density of Dermatophagoides farinae grown at 20oC. The density of
the population at each sampling time is the average of five replica samples. The standard
error of the mean (SEM) was calculated for population density at each time point. Live mite
counts were done by counting the life stages- larvae, nymphs and adults.
Time
(Weeks)

0

2

4

6

8

10

12

14

Avg. no.
of mites
per 50 mg
of culture

126

146

249

565

1571

1753

1396

1172

SEM

4

7

9

45

68

123

48

43

Figure 38: Population growth of Dermatophagoides farinae (DF) at 20oC. Sample collection
and counting was done at two week intervals until the cultures ran out of food. Data are from
Table 35.
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Figure 39: Regression analysis of the growth curve of Dermatophagoides farinae (DF)
cultured at 20oC. The population mean densities are the natural logs of the data in Table 35.

Table 36: The population growth rate (k), doubling time and the correlation coefficient (R2)
for Dermatophagoides farinae grown at 20oC and 75% RH until 10 weeks. Data are from
Figure 39 and Table 35.
Temperature

Correlation
coefficient
(R2)

Growth rate
constant
(k)

Doubling time
(wks)

20oC

0.9505

0.3017

2.29
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Table 37: Life stage composition of the Dermatophagoides farinae population cultured at
20oC. Samples were taken at two week intervals during the 8 week growth period. At least
250 specimens (eggs, larvae, nymphs and adults) per culture were counted and extrapolated
to 1000 specimens. Then the averages for all five replicates were taken and SEM for each
time point was calculated.
Time

Eggs

Larvae

Protonymph

Tritonymph

Male

Female

0

241 + 14

285 + 12

21 + 6

245 + 32

91 + 11

118 + 16

2

318 + 13

232 + 10

40 + 7

233 + 34

88 + 10

89 + 9

4

458 + 6

183 + 9

5+3

130 + 11

125 + 9

99 + 18

6

506 + 21

249 + 24

26 + 6

114 + 17

52 + 6

53 + 7

8

293 + 51

321 + 17

60 + 9

205 + 39

69 + 10

52 + 7

10

255 + 23

195 + 30

68 + 12

278 + 41

107 + 19

98 + 11

12

292 + 30

205 + 23

30 + 4

243 + 13

134 + 19

97 + 16

14

249 + 33

226 + 26

48 + 12

235 + 15

152 + 20

91 + 10

Figure 40: Life stage composition of Dermatophagoides farinae (DF) grown at 20oC. The
error bars represent the standard mean of error. Data are from Table 37.
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Table 38: Mean (+ SEM) micrograms Group 1 and Group 2 allergen per 100 mg of culture
material of Dermatophagoides farinae cultured at 20oC. The concentrations at each sampling
time are the average of readings from five jars. The ratio of Der f 1/ Der 2 for each time point
was calculated.
Time
(Weeks)

0

2

4

6

8

10

12

14

Der f 1
(µg)

2.1

2.6

3.8

6.8

10.2

15.2

23.9

33.5

+ SEM
Der f 1

0.13

0.26

0.40

0.49

0.88

1.41

1.79

0.91

Der f 2
(µg)

0.7

0.7

0.8

1.3

2.0

3.8

6.1

2.4

+ SEM
Der f 2

0.05

0.10

0.11

0.08

0.36

0.59

0.86

0.19

Der f 1 /
Der f 2

3.18

3.72

4.54

5.24

5.16

4.04

3.92

13.77

Figure 41: Allergen concentration (µg/100 mg of culture material) of Dermatophagoides
farinae (DF) at 25oC. The error bars represent the standard error of the mean (SEM). Data are
from Table 38.
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Figure 42: Regression analysis of the allergens Der f 1 and Der f 2 for Dermatophagoides
farinae cultured at 25oC. The mean allergen concentrations are the natural logs of data in
Table 38.
Table 39: The rate of accumulation of allergen (k), the doubling time and the correlation
coefficient (R2) for Dermatophagoides farinae cultured at 25oC. Data are from Figure 42,
Table 38).

Allergen

Correlation
coefficient
(R2)

Rate of
accumulation
(k)

Doubling time
(wks)

Der f 1

0.994

0.2079

3.33

Der f 2

0.7882

0.1475

4.69

Der f 1/ Der f 2

0.3896

0.4379
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Figure 43: The ratio of Der f 1 and Der f 2 allergens for Dermatophagoides farinae at 20oC.
Data are from Table 38.
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Table 40: The mean microgram Der f 1 and Der f 2 allergen content in pure mite bodies per
100 mg of culture material of D. farinae cultured at 25oC. SEM was calculated at each time
point.
Time
(Weeks)
Avg. Der
f1
µg/100
mg of
culture
+ SEM
Der f 1
Avg. Der
f 2 µg/
100 mg
of
culture
+ SEM
Der f 2

0

2

4

6

8

10

0.52

0.88

1.29

1.79

2.46

4.07

0.06

0.31

0.32

0.58

0.67

1.39

0.24

0.12

0.18

0.20

0.37

0.91

0.10

0.01

0.02

0.03

0.05

0.08

12

14

42.75

54.03

10.98

11.08

5.37

5.79

1.05

1.00

Figure 44: The average concentrations of Der f 1 and Der f 2 (µg /100 mg of culture
material) in pure mite bodies of D. farinae at 20oC. The error bars represent the standard
error of the mean. Data are from Table 40.
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Figure 45: Regression analysis of the allergens Der f 1 and Der f 2 in pure mites for
Dermatophagoides farinae cultured at 20oC. The mean allergen concentrations are the
natural logs of the data in Table 40.

Table 41: The rate of accumulation of allergen (k), the doubling time and the correlation
coefficient (R2) in pure mites for Dermatophagoides farinae cultured at 20oC. Data are from
Figure 45.

Correlation

Rate of

Doubling time

Coefficient (R2)

Accumulation (k)

(wks)

Der f 1

0.8835

0.3310

2.09

Der f 2

0.7967

0.2768

2.50

Allergen
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Table 42: The mean microgram Der f 1 and Der f 2 allergen content in the culture wash
solution per 100 mg of culture material of D. farinae cultured at 20oC. SEM was calculated at
each time point.
Time
(Weeks)

0

2

4

6

8

10

12

14

Avg. Der f
1 µg/100
mg of
culture

1.55

1.77

2.68

4.88

8.36

9.47

20.77

28.04

SEM +
Der f 1

0.57

0.43

0.43

0.99

2.22

2.54

1.74

2.02

Avg. Der f
2 µg/100
mg of
culture

0.12

0.15

0.19

0.27

0.38

0.61

2.64

2.87

SEM +
Der f 2

0.01

0.02

0.04

0.04

0.02

0.05

0.20

0.09

Figure 46: The average concentrations of Der f 1 and Der f 2 (µg /100 mg of culture
material) in culture wash solution of D. farinae at 20oC. The error bars represent the standard
error of mean. Data are from Table 42.
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Figure 47: Regression analysis of the allergens Der f 1 and Der f 2 in culture wash samples
for Dermatophagoides farinae cultured at 20oC. The mean allergen concentrations are the
natural logs of the data taken from Table 42.

Table 43: The rate of accumulation of allergen (k), the doubling time and the correlation
coefficient (R2) for culture wash samples Dermatophagoides farinae cultured at 20oC. Data
are from Figure 47, Table 42.
Rate of

Doubling time

Coefficient (R )

Accumulation (k)

(wks)

Der f 1

0.9824

0.2195

3.16

Der f 2

0.9111

0.2391

2.89

Allergen

Correlation
2
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E. Dermatophagoides farinae (DF) cultured at 25oC
i. Population Growth Curve:
The population size increased exponentially over time from t= 0 wks (when the
culture started) up to t= 6 wks (when the cultures matured) (Fig. 48). At t= 0, the
population density was 103 + 4.49 (Table 44). The population density was the maximum
at the 6th week (1873 + 62.54) and then it dropped by week 8 (1618 + 32.84) (Table 44,
Fig. 48). The drop in the growth was due to the depletion of food in the cultures. The
growth rate of DF at 25oC was 50.88 % per week and the doubling time for the population
was 1.36 weeks (Table 45, Fig. 49).
ii. Life stage composition:
At t= 0, in 1000 mites the number of eggs was 269 + 23 (Table 46). The peak in
the egg number was seen in week 2 (660 +14) (Table 46, Figure 50). The number of eggs
in the cultures fell at week 4 (330 + 21) (Table 46, Figure 50) and continued to fall until
week (when the cultures ran out of food). Except for eggs the rest of the life stages
showed a dip in number during the second week of the culture. From t=0 to t=8, the
numbers of larvae in the cultures ranged from 147 to 325, the least number of larvae were
seen at t= 2 (147 + 12) (Table 46, Figure 50). During the 8 week culture period, the
number of protonymphs ranged from 16 + 4 to 61 + 12 (Table 46, Figure 50). The lowest
number of protonymphs was seen during the second week (16+ 4) (Table 46, Figure 50).
At weeks 6 and 8, there was an increase in the number of protonymphs (61 + 12) (Table
46, Figure 50). The tritonymphs ranged from 78 + 8 to 216 + 29 (Table 46, Figure 50).
The highest number and the lowest numbers were seen in weeks 0 and 2, respectively
(Table 46, Figure 50). For weeks 0, 2 and 4, the number of males and females in the
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cultures remained the same, but at t= 6 and 8 the number of males was 1.56 times more
than the females (Table 46, Figure 50).
iii. Allergen concentration:
The maximum allergen concentration in the cultures was seen at week 8, when the
concentrations of Der f 1 and Der f 2 were 30.3 µg and 6.0 µg for 100 mg of culture,
respectively (Fig. 51, Table 47). The amount of Der f 1 and Der f 2 grew exponentially in
parallel with the growth of the mite population (Fig. 51). The rate of accumulation of Der
f 1 was 35.9 % per week and the doubling time was 1.92 weeks (Fig. 52, Table 48). The
rate of accumulation of Der f 2 was 32 % per week and the doubling time was 2.18 weeks
(Table 48, Figure 52). The ratio of Group 1 to Group 2 allergens showed that it increased
initially and then decreased but it was always approximately one (Fig. 53). The rate of
change in the allergen concentrations during the course of the cultures was 0.16 (Figure
48).
In pure mites, the Group 1 and Group 2 concentrations were the similar until week
6 (Table 49, Fig. 54). At week 8, the concentration of Group 1 allergens was 9.09 µg and
the concentration of Group 2 was 1.347 µg (Table 49, Fig. 54). The rate of accumulation
of Der f 1 and Der 2 was alike 36.21% and 36.99% per week, respectively (Table 50, Fig.
55). In the culture wash, there was more Group 1 allergen than Group 2 allergen (Fig. 56).
The maximum Group 1 allergen concentration was seen at week 8 (31.36 micrograms)
(Table 51, Fig. 56). The concentration of Group 2 allergens in the culture wash was much
lower and reached a maximum concentration of 1.92 micrograms in the 8h week (Table
51, Fig. 56). The rate of accumulation and doubling time for Group1 was 0.4214 and 1.64,
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respectively (Table 52, Fig. 57). The rate of accumulation and doubling time for Group 2
was 0.3699 and 1.87, respectively (Table 52, Fig. 57).
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Table 44: Population density of Dermatophagoides farinae grown at 25oC. The density of
the population at each sampling time is the average of five replica samples + SEM. Live mite
counts were done by counting the life stages- larvae, nymphs and adults.

Time
(Weeks)

0

2

4

6

8

Avg. no. of
mites per 50
mg of culture

103

285

1247

1873

1619

+ SEM

4.5

14.2

39.2

63

33

Figure 48: Population growth (+ SEM) of Dermatophagoides farinae (DF) at 25oC. Sample
collection and counting was done at two week intervals until the cultures ran out of food.
Data are from Table 44.
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Figure 49: Regression analysis of the growth curve of Dermatophagoides farinae (DF)
cultured at 25oC. The population mean densities are the natural logs of data in Table 44.

Table 45: The population growth rate (k), doubling time and the correlation coefficient (R2)
for Dermatophagoides farinae grown at 25oC and 75% RH until 6 weeks. Data are from
Figure 49 and Table 44.

Temperature

Correlation
coefficient
(R2)

Growth rate
constant
(k)

Doubling time
(wks)

25oC

0.961

0.5088

1.36
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Table 46: Life stage composition of the Dermatophagoides farinae population cultured at 25oC.
Samples were taken at two week intervals during the 8 week growth period. At least 250
specimens (eggs, larvae, nymphs and adults) per culture were counted and extrapolated to 1000
specimens. Then, the averages for all five replicates (+ SEM) were calculated.
Time

Eggs

Larvae

Protonymph Tritonymph

Male

Female

0

269 + 23

258 + 19

44 + 14

216 + 29

111 + 10

101+ 9

2

660 + 14

147 + 12

16 + 4

78 + 8

56 + 5

43 + 6

4

330 + 21

325 + 35

38 + 3

212 + 39

48 + 8

47 + 5

6

256 + 35

224 + 13

61 + 12

209 + 28

153 + 11

98 + 8

8

214 + 36

323 + 11

60 + 9

162 + 16

161 + 21

79 + 11

Figure 50: Life stage composition of Dermatophagoides farinae (DF) grown at 25oC. The
error bars represent the standard mean of error. Data are from Table 46.
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Table 47: Mean micrograms Group 1 and Group 2 allergen per 100 mg of culture material of
Dermatophagoides farinae cultured at 25oC. The concentrations at each sampling time are
the average (+ SEM) of readings from five cups. The ratio of Der f 1/ Der f 2 for each time
point was calculated.
Time (Weeks)

0

2

4

6

8

Der f 1 (µg)

1.9

3.4

5.4

16.9

30.3

+ SEM Der f 1

0.12

0.24

0.32

1.48

3.09

Der f 2 (µg)

0.6

0.7

1.1

3.6

6.0

+ SEM Der f 2

0.07

0.08

0.14

0.47

1.11

Der f 1 / Der f 2

3.18

5.05

5

4.74

5

Figure 51: Mean allergen concentration (µg/100 mg of culture material) (+ SEM) of
Dermatophagoides farinae (DF) at 25oC. Data are from Table 47.
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Figure 52: Regression analysis of the allergens Der f 1 and Der f 2 for Dermatophagoides
farinae cultured at 25oC. The mean allergen concentrations are natural logs of the data taken
from Table 47.

Table 48: The rate of accumulation of allergen (k), the doubling time and the correlation
coefficient (R2) for Dermatophagoides farinae cultured at 25oC. Data are from Figure 52,
Table 47).

Allergen

Correlation
coefficient
(R2)

Rate of
accumulation
(k)

Doubling time
(wks)

Der f 1

0.9786

0.3593

1.92

Der f 2

0.9225

0.3177

2.18

Der f 1/ Der f 2

0.4041

0.1624
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Figure 53: The ratio of Der f 1 and Der f 2 allergens for Dermatophagoides farinae at 25oC.
Data are from Table 47.
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Table 49: The mean micrograms of Der f 1 and Der f 2 allergens (+ SEM) in pure mites per
100 mg of culture material of D. farinae cultured at 25oC.

Time (Weeks)
Avg. Der f 1
µg/100 mg of
culture
+ SEM Der f 1
Avg. Der f 2 µg/
100 mg of
culture
+ SEM Der f 2

0

2

4

6

8

0.55

0.92

1.49

4.69

9.09

0.15

0.27

0.84

2.73

2.50

0.11

0.12

0.25

0.68

1.92

0.03

0.03

0.05

0.21

0.31

Figure 54: The average allergen content of Der f 1 and Der f 2 in pure mites (µg per 100 mg
of culture material + SEM), in cultures of D. farinae at 25oC. Data are from Table 49.
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Figure 55: Regression analysis of the allergens Der f 1 and Der f 2 in pure mites for
Dermatophagoides farinae cultured at 25oC. The mean allergen concentrations natural logs
of data from Table 49.

Table 50: The rate of accumulation of allergen (k), the doubling time and the correlation
coefficient (R2) in pure mites for Dermatophagoides farinae cultured at 25oC. Data are from
Figure 55.

Correlation

Rate of

Doubling time

Coefficient (R2)

Accumulation (k)

(wks)

Der f 1

0.9749

0.3621

1.91

Der f 2

0.9347

0.3699

1.87

Allergen
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Table 51: The mean micrograms of Der f 1 and Der f 2 (+ SEM) in the culture wash solution
per 100 mg of culture material of D. farinae (DF) grown at 25oC.
Time (Weeks)

0

2

4

6

8

Avg. Der f 1 µg/
100 mg of culture

1.12

2.10

4.73

12.21

31.26

+ SEM Der f 1

0.15

0.27

0.84

2.73

2.50

Avg. Der f 2
µg/100 mg of
culture

0.11

0.12

0.25

0.68

1.92

+ SEM Der f 2

0.03

0.03

0.05

0.20

0.31

Figure 56: The average allergen content of Der f 1 and Der f 2 (+ SEM) in culture wash
solution (µg per 100 mg of culture material), in cultures of D. farinae at 25oC. Data are from
Table 51.
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Figure 57: Regression analysis of the allergens Der f 1 and Der f 2 in culture wash samples
for Dermatophagoides farinae cultured at 25oC. The mean allergen concentrations are natural
logs of data in Table 51.
Table 52: The rate of accumulation of allergen (k), the doubling time and the correlation
coefficient (R2) in culture wash solution for Dermatophagoides farinae cultured at 25oC.
Data are from Figure 57.
Correlation

Rate of

Doubling time

Coefficient (R2)

Accumulation (k)

(wks)

Der f 1

0.9938

0.4214

1.64

Der f 2

0.9347

0.3699

1.87

Allergen
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F.

Comparison

of the Population Growth

and Allergen

Concentration

of

Dermatophagoides farinae (DF) at 20oC and 25oC:
Population Growth:
Population growth of D. farinae was exponential both at 20oC and 25oC (Fig. 58,
Table 53). During the first week of culture, the mean population densities for the
populations at the two temperatures were about the same. From the second week, the
cultures grown at 25oC showed a more rapid increase in numbers compared to the cultures
grown at 20oC (Figure 58). For the cultures grown at 20oC, the population peaked in the
10th week (1753 + 123) and at 25oC the population reached a peak at the 6th weeks (1872 +
62.5) (Table 53). D. farinae had a higher growth rate and faster doubling time at 25oC than
at 20oC. The growth rate at 20oC was 0.3017, while at 25oC it was 0.5088 (Table 54,
Figure 59). The doubling time for the population for 20oC was 2.29 weeks and for 25oC it
was 1.36 weeks (Table 54).
Allergens:
Der f 1 – At 25oC, the concentration of Der f 1 was greater than at 20oC for
comparable times during the mite population growth (Table 55, Fig. 60). At 25oC, the
maximum allergen concentration was in the 8th week (30.3 µg/100 mg of culture),
whereas, at 20oC the highest concentration of Der f 1 allergen was seen in week 14 (33.5
µg/100 mg of culture) (Table 55, Fig. 60). At 25oC accumulation rate constant was 0.58
times faster than at 20oC (Table 55, Fig. 60). At 20oC in pure mites, the Group 1 allergen
concentration was higher than at 25oC (Table 61, Figure 66).The rate of accumulation at
25oC was 0.91 times faster than at 20oC (Table 62, Fig. 67). The culture wash samples
showed a pattern similar to that of the whole culture samples; the rate of accumulation of
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Group 1 allergen in the culture wash was faster at 25oC (0.4214) than at 20oC (0.2195)
(Table 65, Figure 70).
Der f 2 – Initially, the concentrations of Group 2 allergens at 20oC and 25oC were
0.7 and 0.6 µg/ 100 mg of culture, respectively (Table 57, Figure 62). The rate of
accumulation of allergen was 0.1475 and 0.3177 at 20oC and 25oC, respectively (Table 58,
Figure 63). The time taken for the allergen concentration to double for cultures grown at
20oC was 2.15 times longer than at 25oC (Table 58). The concentration of Group 2
allergen in pure mites was higher at 25oC than at 20oC for comparable times (Table 63,
Figure 68). The rate of accumulation at 25oC was 1.07 times faster than at 20oC (Figure
68, Table 63). The culture wash samples at 20oC and 25oC showed the Group 2 allergen
concentrations to be similar only for t= 0 and 2, after which the cultures at 20oC showed
more Group 2 than compared to 25oC (Table 67, Figure 72). The rate of accumulation of
the Group 2 allergens in the culture wash at 20oC was 0.2391 and at 25oC was 0.3699
(Table 68, Figure 73).
Der f 1/ Der f 2 – The ratio of Der f 1 to Group 2 allergens was greater at 25oC
than at 20oC (Table 59, Fig. 64). At 20oC the highest ratio of Der f 1 to Der f 2 was seen at
week 6 (5.24 + 6.13) whereas at 25oC it was seen at week 2 (5.16 + 3.07) (Table 59, Fig.
64). The rate relative increase of Group 1 to Group 2 was faster at 25oC than at 20oC
(Table 60, Fig. 65).
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Table 53: Mean population densities (+ SEM) of D. farinae grown at 20oC and 25oC. Data
are the average number of mites per 50 mg of culture material. Live mite counts were done
by counting the life stages- larvae, nymphs and adults.
Time
(Weeks)

0

2

4

6

8

10

12

14

20oC

126.07

145.58

249.37

546.64

1571

1753.4

1395.6

1172

+ SEM

4.0

7.1

8.8

44.7

67.7

122.8

47.8

43

25oC

103.09

284.72

1247.5

1872.7

1618.5

+ SEM

4.5

14.2

39.2

62.5

32.8

Figure 58: Comparison of the mean population growth of Dermatophagoides farinae (DF)
(+ SEM) at 20oC and 25oC. Data are from Table 53.
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Figure 59: Regression analysis of mean population densities for D. farinae (DF) grown at
20oC and 25oC. Data are from Table 53.

Table 54: The growth rate constant (k), doubling time and correlation coefficient (R2) of D.
farinae at both temperatures. Data are from Figure 59.
Correlation

Growth rate

coefficient

constant

(R2)

(k)

20oC

0.9658

0.3017

2.29

25oC

0.9793

0.5088

1.36

Temperature
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Doubling time
(wks)

Table 55: The mean micrograms of Group 1 allergen (Der f 1) per 100 mg of culture
material of D. farinae at 20oC and 25oC. The concentrations at each sampling time are the
means from five cultures (+ SEM).
Time (Weeks)

20oC

25oC

0

2.1 + 0.13

1.9 + 0.12

2

2.6 + 0.26

3.4 + 0.24

4

3.8 + 0.40

5.4 + 0.32

6

6.8 + 0.49

16.9 + 1.48

8

10.2 + 0.88

30.3 + 3.09

10

15.2 + 1.41

12

23.9 + 1.79

14

33.5 + 0.91

Figure 60: Comparison between the concentrations of Der f 1 (µg /100 mg of culture) for D.
farinae, cultured at 20oC and 25oC. The error bars represent + SEM. Data are from Table 55.
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Figure 61: Regression analysis of the concentration of Der f 1 at 20oC and 25oC. Data are
from Table 55.

Table 56: The correlation coefficient, rate of accumulation and doubling time of the
concentration of Der f 1 at 20oC and 25oC. Data are from Figure 61.

Temperature

Correlation
coefficient
(R2)

Rate of
accumulation
(k)

Doubling time
(wks)

20oC

0.9915

0.2079

3.33

25oC

0.9786

0.3593

1.93
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Table 57: The mean microgram densities of Group 2 allergen (Der f 2) per 100 mg of culture
material of D. farinae at 20oC and 25oC. The concentrations at each sampling time are the
means from five cultures (+ SEM).
Time (Weeks)

20oC

25oC

0

0.7 + 005

0.6 + 0.07

2

0.7 + 0.10

0.7 + 0.08

4

0.8 + 0.11

1.1 + 0.14

6

1.3 + 0.08

3.6 + 0.47

8

2.0 + 0.36

6.0 + 1.11

10

3.8 + 0.59

12

6.1 + 0.86

14

2.4 + 0.19

Figure 62: Comparison between the concentrations of Der f 2 (µg /100 mg of culture +
SEM) for D. farinae, cultured at 20oC and 25oC. Data are from Table 57.
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Figure 63: Regression analysis of the concentration of Der f 2 at 20oC and 25oC. Data are
natural logs of values from Table 57.

Table 58: The correlation coefficient (R2), rate constant of accumulation (k) and doubling
time of Der f 2 at 20oC and 25oC. Data are from Figure 63.

Temperature

Correlation
coefficient
(R2)

Rate of
accumulation
(k)

Doubling time
(wks)

20oC

0.7882

0.1475

4.69

25oC

0.9225

0.3177

2.18
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Table 59: Ratio of Der f 1 and Der f 2 at 20oC and 25oC. Data are ratio of the concentrations
of Der f 1 and Der f 2 from Tables 55 and 57.
Time (Weeks)

Temp 20oC

Temp 25oC

0

3.18

3.17

2

3.72

5.16

4

4.55

5.04

6

5.24

4.69

8

5.16

5.04

10

4.05

3.17

12

3.92

14

13.7

Figure 64: Ratio of Der f 1/ Der f 2 in cultures of D. farinae (DF) grown at 20oC and 25oC.
Data are from Table 59.
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Figure 65: The regression analysis for the ratio of Der f 1 /Der f 2 of D. farinae at 20oC and
25oC. Data are from Table 59.
Table 60: Comparison of ratio of Der f 1 and Der f 2 allergens –rate constants (k) and
correlation coefficients (R2) based on data from Figure 65, from change in ratio (Der f 1 /Der
f 2 in cultures).

Temperature

Correlation coefficient
(R2)

Rate of change
(k)

20oC

0.1246

0.0621

25oC

0.3886

0.1635
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Table 61: Comparison of Der f 1 content in pure mites of D. farinae cultured at 20oC and
25oC. The concentrations at each sampling time are the average readings (+ SEM) from five
cultures.
Time (Weeks)

20oC

25oC

0

0.52 + 0.06

0..55 + 0.15

2

0.88 + 0.31

0.92 + 0.27

4

1.29 + 0.32

1.49 + 0.84

6

1.79 + 0.58

4.69 + 2.73

8

2.46 + 0.67

9.09 + 2.50

10

4.07 + 1.39

12

42.75 + 10.98

14

54.03 + 11.08

Figure 66: Concentration of Der f 1 (µg per 100 mg of culture material + SEM) in pure mite
bodies of D. farinae grown at 20oC and 25oC. Data are taken from Table 61.
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Figure 67: Regression analysis of Der f 1 in pure mite bodies of D. farinae at 20oC and
25oC. The mean microgram concentrations of Der f 1 at each time point are the natural logs
of data from Table 61.
Table 62: Comparison of the accumulation rate constants (k), correlation coefficients (R2)
and doubling time of Der f 1 allergen in pure mite bodies of D. farinae at 20oC and 25oC.
Data are from Figure 67.
Rate of

Doubling time

coefficient (R )

accumulation (k)

(wks)

20oC

0.8835

0.3310

2.09

25oC

0.9749

0.3621

1.91

Temperature

Correlation
2
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Table 63: Comparison of Der f 2 content in pure mites of D. farinae cultured at 20oC and
25oC. The concentrations (µg/100 mg of culture material + SEM) at each sampling time are
the average readings from five cultures.
Time (Weeks)

20oC

25oC

0

0.24 + 0.10

0.16 + 0.03

2

0.13 + 0.01

0.19 + 0.03

4

0.18 + 0.02

0.34 + 0.05

6

0.21 + 0.03

0.97 + 0.20

8

0.37 + 0.05

1.35 + 0.31

10

0.91 + 0.08

12

5.37 + 1.05

14

5.79 + 1.00

Figure 68: Comparison in the Group 2 (µg per 100 mg of culture material + SEM) of pure
mite bodies of D. farinae grown at 20oC and 25oC. Data are from Table 63.
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Figure 69: Regression analysis of Der f 2 in pure mite bodies of D. farinae at 20oC and
25oC. The mean microgram concentrations of Der f 2 at each time point are the natural logs
of data from Table 63.

Table 64: Comparison of accumulation rate constants (k), correlation coefficients (R2) and
doubling time of Der f 2 allergen in pure mite bodies at 20oC and 25oC. Data are from Figure
69.
Correlation

Rate of

Doubling time

coefficient (R2)

accumulation (k)

(wks)

20oC

0.7967

0.2767

2.50

25oC

0.9437

0.3699

1.87

Temperature
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Table 65: Comparison of Der f 1 (µg /100 mg of culture) in the culture wash solution at
20oC and 25oC. The concentrations at each sampling time are the average (+ SEM) readings
from five cultures.
Time (Weeks)

20oC

25oC

0

1.55 + 0.58

1.12 + 0.15

2

1.77 + 0.43

2.10 + 0.27

4

2.67 + 0.43

4.73 + 0.84

6

4.88 + 0.99

12.21 + 2.73

8

8.36 + 2.22

31.26 + 2.50

10

9.47 + 2.54

12

20.77 + 1.74

14

28.04 + 2.02

Figure 70: Comparison in the Der f 1 (µg per 100 mg of culture material + SEM) of culture
wash solution of D. farinae at 20oC and 25oC. Data are from Table 65.
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Figure 71: Regression analysis of Der f 1 in culture wash solution of D. farinae at 20oC and
25oC. The mean microgram concentration (+ SEM) of Der f 1 at each time point are natural
logs of data from Table 65.

Table 66: Comparison of accumulation rate constants (k), correlation coefficients (R2) and
doubling time of Der f 1 allergen in culture wash solution at 20oC and 25oC. Data are from
Figure 71.

Temperature

Correlation
coefficient (R2)

Rate of
accumulation (k)

Doubling time
(wks)

20oC

0.9824

0.2195

3.16

25oC

0.9938

0.4214

1.64
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Table 67: Comparison between the content of Der f 2 (µg/100 mg of culture) in culture wash
solution of D. farinae cultured at 20oC and 25oC. The concentrations at each sampling time
are the mean (+ SEM) from five cultures.
Time (Weeks)

20oC

25oC

0

0.12 + 0.01

0.11 + 0.03

2

0.15 + 0.02

0.12 + 0.03

4

0.19 + 0.04

0.25 + 0.05

6

0.27 + 0.04

0.68 + 0.20

8

0.38 + 0.02

1.92 + 0.31

10

0.61 + 0.05

12

2.64 + 0.20

14

2.87 + 0.09

Figure 72: Comparison in the Group 2 (µg per 100 mg of culture material + SEM) of culture
wash solution of D. farinae at 20oC and 25oC. Data are from Table 67.
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Figure 73: Regression analysis of Der f 2 in culture wash solution of D. farinae at 20oC and
25oC. The mean microgram concentrations of Der f 2 at each time point are the natural logs
of data from Table 67.
Table 68: Comparison of accumulation rate constants (k), correlation coefficients (R2) and
doubling time of Der f 2 allergen in the culture wash solution at 20oC and 25oC. Data are
from Figure 73.
Temperature

Correlation
Coefficient (R2)

Rate of
accumulation (k)

Doubling time
(wks)

20oC

0.9111

0.2391

2.89

25oC

0.9347

0.3699

1.87
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V. DISCUSSION
General: House dust mites are cultured commercially to make extracts that can be used for
the purpose of diagnostic tests and immunotherapy. There is some speculation as to how the
culture conditions such as time of culture, temperature, relative humidity and food might
influence the mite populations and subsequent production of allergens. Previous studies by
Eraso et al., 1997 and Martinez et al., 2000 have shown that the time of extraction of
allergens from the cultures dictates the potency of the allergens. Studies by Arlian et al.,
1990, 1996, 1998 have shown that temperature and relative humidity have a significant
influence on the population growth and the development of the life cycle in cultured house
dust mites, D. farinae and D. pteronyssinus. The optimal culture conditions for faster growth
rates and higher yield of allergens have yet to be determined.
In our present study we wanted to determine the influence of temperature on
population growth, life stage composition and allergen concentrations in cultured house dust
mites. Our study would help to further optimize culture conditions.
Population: We found that the population growth rate and population doubling time of D.
pteronyssinus was faster at 25oC than at 20oC. The growth rate and doubling time of D.
pteronyssinus at 20oC was twofold less when compared to cultures at 25oC. These results
were consistent with results from previous studies (Arlian et al., 1998). Similar to previous
observations, we saw that the increase in population density is directly related to increase in
temperature.
In the case of D. farinae cultures, we found that at 25oC the population growth rate
and doubling time was 1.68 times faster when compared to the cultures at 20oC. These results
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correlated to previously shown results that D. farinae thrives better at higher temperatures
than at lower ones. Hence, we can conclude that 25oC is more suitable for culturing D.
farinae than 20oC.
Life stage composition: Our study is the first to show the influence of temperature on the
life stage compositions of cultured mites from latency phase to death phase. The fecundity
and development of the mite (from egg to adult) is dependent on the temperature. At higher
temperatures, the female mites produced more eggs per day and developed faster. Both of
these observations are consistent with previous studies (Arlian and Dippold, 1996; Arlian et
al., 1990).
D. pteronyssinus showed a better trend in the development of its life cycle at 25oC
than at 20oC. At 25oC, we saw that at each reading time there was a clear trend between the
increase in the numbers of one life stage versus the decrease in the numbers of the
subsequent life stage in the same week. For example, from the t= 0 to t= 2 the egg numbers
decreased from 445 to 396, which was reflected in the increase of the number of larvae (170
to 274). This trend could be the result of faster rate of development observed at higher
temperatures (Arlain et al., 1990). At 20oC, the development of one life stage to the
subsequent life stage was not as prominent as the trend observed at 25oC. When observing
the number of adults in the cultures, we saw that at 25oC there were fewer females initially
when compared to the cultures at 20oC. The low numbers of females however did not affect
the population density and the life stage composition of the cultures at 25oC. This can be
explained by the fact that D. pteronyssinus females produce more eggs at higher temperatures
(Arlian et al., 1996). Hence, from our data we can conclude that D. pteronyssinus develops
and reproduces better at 25oC than at 20oC.
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Dermatophagoides farinae cultures seemed to develop differently at 20oC when
compared to 25oC. At 20oC, there was a clear relation between the increase in the larvae - the
decrease in the number of nymphs and vice versa. The cultures grown at 25oC showed the
number of eggs to be very high in week 2 (660 + 14). For the remainder of the culture period,
there were equal numbers of eggs and larvae or the larval population dominated the cultures.
Although there were more eggs at 25oC, not all of them developed into larvae. This could be
a result of the influence of temperature. At 25oC, until week 4 the males and females were in
equal proportion but from week 6-8 the number of males in the cultures was twofold more
than the females; the reason for this is unclear. Hence, we can conclude that for D. farinae,
temperature affected the life stage composition of the mite population.
Allergen concentrations in the cultures: In our study, we were not only trying to see the
influence of temperature on population growth and the life stage composition but also when
would be the right time to extract allergens from cultures. It had been suggested that greater
amounts of allergens are produced by the active life stages (larvae, nymphs and adults), in
the form of fecal pellets, molting liquid, exoskeleton, when compared to amount of allergen
from the inactive life stages (eggs, quiescent forms) (Hallas and Korsgaard., 1998). So, when
making extracts one important aspect to consider might be the proportions of active life
stages at the time of extraction. For D. pteronyssinus and D. farinae at 20oC and 25oC, the
peak in the population growth consisted of more active stages (larvae, nymphs and adults).
Hence, for extraction of allergen from cultures the weeks with the highest population density
should be used. This would be when the cultures were mature and the food was about
depleted.
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While analyzing the allergen concentrations in the cultures, we saw that the whole
culture samples showed higher allergen concentrations in the weeks when food was depleted
and the culture was dying when compared to the earlier weeks that had a greater density of
live mites. So, we wanted to see how the allergen concentrations in the pure mites differed
from the whole culture samples. We also wanted to see where the allergen accumulation was
in the whole culture (mite bodies, exoskeleton and feces). Therefore, we analyzed whole
culture, pure washed mite bodies (no food and feces present) and the culture wash solution
(no intact mite bodies).
Group 1 allergens (Der p 1 and Der f 1) are cysteine proteases- digestive enzymes
originating from the digestive tract of the mite and predominant in the fecal pellets (Arlian
and Platts-Mills, 2001). The Dermatophagoides pteronyssinus whole culture samples and
culture wash samples at 25oC had more Der p 1 allergen when compared to samples from the
cultures grown at 20oC. But the rate of accumulation was 1.16 times faster at 20oC than at
25oC, the reason for this might be that 20oC is an optimal temperature under which
Dermatophagoides pteronyssinus can digest the food better, resulting in it producing more
fecal pellets. The Der p 1 allergen concentrations in the pure mite samples (from cultures
grown at 20oC and 25oC) were 4.17 times less than the whole culture samples, at any given
time point. As previous studies have shown that Group 1 allergens are predominant in fecal
pellets (Arlian and Platts-Mills, 2001), our result showing higher concentrations of Group 1
in the whole culture was expected.
Group 2 allergens are homologous to ML- domain lipid binding proteins (Thomas et
al., 2002). In the Dermatophagoides pteronyssinus culture samples, the concentration of Der
p 2 allergen was directly proportional to the increase in temperature; there was greater
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allergen accumulation at 25oC than at 20oC. Comparing the culture wash samples versus pure
mite, at both 20oC (t= 10) and 25oC (t= 8), we observed that the Der p 2 concentrations were
two times more in the pure mite bodies than the culture wash samples. Studies by Park et al.,
(2000) have suggested that in D. pteronyssinus Group 2 allergens (Der p 2) are a derivative
of the digestive tract and seen in mite feces. In their study they used 400 males and 400
females; they concluded that Der p 2 is concentrated in the fecal pellets. The results from my
study suggest that quantitatively Der p 2 is more concentrated in the mite body when
compared to the fecal pellets. The reason for the difference in results could be that in our
study we cultured mites at set temperatures, also we used cultures that had adults, nymphs,
larvae and eggs. It could be that different life stages contain varied concentrations of group 2
allergen. The function of Group 2 allergens in the mite is still unclear but it could be that the
group 2 allergen content in the mite body is temperature dependent. In conclusion, we found
that Dermatophagoides pteronyssinus produces more Der p 2 allergen at 25oC than at 20oC.
Dermatophagoides farinae produced more Der f 1 and Der f 2 allergens in
comparable times at 25oC, than at 20oC. From previous studies (Arlian and Dippold, 1996)
we know that D. farinae grows better at temperatures ranging from 25o- 30oC. My results
showing that D. farinae produces greater amounts of allergens at 25oC than at 20oC are
consistent with the published literature. Quantitatively, we found that in the weeks when the
population reached its peak, D. farinae produced similar amounts of Der f 1 and Der f 2 at
both 20oC (t= 10) and 25oC (t= 6). The reason for the similarity in allergen concentrations
can be explained by the similarity in the population density observed during the same time
points (weeks t= 10 (at 20oC) and t= 6 (at 25oC)). Hence, we can say that for D. farinae the
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concentrations of allergens might be linked directly with population density in the cultures.
In conclusion, Dermatophagoides farinae produces more allergens at 25oC than at 20oC.
Comparison of the allergen concentrations in the pure mites versus culture wash
samples show that there was 1.5 times more Der f 2 in the pure mites when compared to the
culture wash. This result was similar to the result seen in Dermatophagoides pteronyssinus.
This suggests that Der 2 allergen is an internal allergen and there is more in the mite body
than in the fecal material. In spite of more group 2 allergens in the pure mite bodies than the
culture wash – quantitatively the allergen concentrations in the whole culture samples were
much higher than in the pure mite bodies. From this we can conclude that whole cultures
would be a source of more allergens than culture wash or washed mite bodies harvested from
the cultures.
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VI. CONCLUSION
We saw that temperature did influence the population growth rates, life stage
composition and allergen concentrations in cultures of Dermatophagoides pteronyssinus and
Dermatophagoides farinae. Both species showed higher population growth rates at 25oC
compared to 20oC. At 25oC, both Dermatophagoides pteronyssinus and Dermatophagoides
farinae produce higher concentrations of Group 1 and Group 2 allergens than at 20oC. We
found that the concentrations of both Group 1 and Group 2 allergens are greater in the whole
cultures when compared to only the pure mite bodies. So, in order to have extracts with a
higher concentration of allergens- whole culture samples should be used. In conclusion, both
D. pteronyssinus and D. farinae should be cultured at 25oC in order to obtain higher
concentrations of allergenic material.
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